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PREFACE 

There are many books written for the purpose of imparting eleo 
trical eogiDeeriag knowledge without demandiDg of the reader as a 
necessary prerequisite, a considerable aoquaintance with mathe- 
matics and science. They appear, however, to be of two types. 
One attempts to cover the whole range from electrostatics, through 
current electricity to wireless telegraphy with the result that it is 
extremely superficial and useless for practical purposes. The 
other deals almost wholly with principles, and stops off just where 
application to practical apparatus begins. 

This volume has been in the process of making during twenty 
years' experience in teaching Applied Electricity to practical 
electrical workers; to men who expect to make direct application 
of the principles given them in the class room to their daily work 
with commercial circuits and machinery. It is written wholly 
from the standpoint of the one who puts up and operates electric 
circuits and apparatus. It does not touch problems of apparatus 
design. Pure theory is avoided, except as it has direct bearing 
Upon practical matters. The principles stated and the explana- 
tions of apparatus which are offered are only such as are necessary 
in order to present essential elements. They can be elaborated 
by the instructor as much as he may see fit. 

Every teacher understands the importance of numerical prob- 
lems in order to make clear the principles and performance of 
apparatus. It is with this in mind that the set of problems found 
at the end of each chapter has been made up. Even though the 
computations demanded in the solution of many of the la-oblems 
of this book are not required in everyday practical work, it tt 
important to understand how a thing works; and unless one can 
make a computation regarding it and figure out a numerical result, 
no clear conceptions have been secured. 
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VI PREFACE 

The book ia offered to the public In the hope that it may fiU a 
need in connection with the study of Applied Electricity in trade 
and industrial schools; and that the explanations may be helpful 
to electrical workers everjfwhere, 

A. J. R. 
Philadelphia, Pa. 
September. 1916. 
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APPLIED ELECTRICITY 

FOR 

PRACTICAL MEN 

CHAPTER I 
FimDAMENTAL PRINCIPLES 

1. Electric Current. — ^When observing many familiar phenomena 
connected with the production of %ht or the generation of 
motive power, we understand that the effects observed are due to 
electric current. At the outset it would eeera as though an explana- 
tion should be given of what this is. The words suggest the flow 
of something. But what is flowing, what electric current is, or 
what electricity is no one knows; so the mystery must stay 
unsolved. There are a great many other things equaUy mysterious 
in everyday life. A water current is a commonplace thit^; it 
is the flow of a quantity of water. If we ask a chemist, he might 
tell us that water is a combination of two gases bound together 
according to a fixed proportion in every molecule; but this does 
not help us to know what water currents are. Rather we must 
get to know how they can be produced, why they flow, in what 
sorts of apparatus they can be used. And if this is supplemented 
by a practical experience in handling moving water- and the 
apparatus in which it moves, a real knowledge of the subject has 
been obtained. Just what water is makes httle difference. 

So it is with electric currents; only by becoming familiar with 
the laws which govern them, and the apparatus in which they are 
used, can we come to know about them. The purpose of the 
study of electricity is this very thing, and not an examination 
into the nature of the mysterious current itself. 

2. Kinds of Current — Electric currents may be of different 
kinds. They do not differ in nature, but in the method of flow or 
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2 •• ■ APPlIED ELECTRICITY IChap. I 

m tue purjioee ^to.Tffifcfa.tJiey are applied. A direct current or 
continuous current is one which is fixed in amount and constant 
in direction, while the circuit is closed and after current is 
eetablished. An oUematin^ current is one which reverses its 
direction at fixed intervals, while between the times of reversal it 
grows from nothing to la^er and lai^er values until it reaches 
a maximum, after that diminiahing in amount to nothir^. These 
two sorts of current, direct and alternating, are the importiant 
ones, the ones which every electrician knows about. Other 
classifications may be made, such as: (a) interrupted current, 
one which is stopped oS and started again; (b) pulsating current, 
a direct current which rises to larger value and falls off to a 
smaller one over and over as time goes on; (c) oscOlatory current, 
one which reverses direction like an alternating current but whose 
maximum values become less and less untO no current at all is 
flowing. Currents may also be classed according to their availa- 
bility. Thus one might be adapted to operate a certain kind 
of motor, but unavailable for electroplating; one might be useful 
to discharge a blast, but not to run any motor. 

S. The Unit of Cuirent — In order to leam anything about 
electric current we must be able to talk of its amount. This 
requires a unit in which to measure it. The name of the unit 
is the ampere. We learn how much an ampere of current is by 
observing what it can do. No formal definition can give us an 
intelligent conception, however much value it may have for 
purposes of absolute measurement or standardization.' If a 
definition of a dollar as a unit of the measurement of money were 
required, it would be very hard to form one which would give a 
satisfactory idea to a person who had no experience in the use of 
dollars and so did not know by actual use what a dollar was or 
what it could do. 

The things that current can do, the effects of current as usually 
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Chap. I] FUNDAMENTAL PRINCIPLES 3 

stated, are lighting, heating, producing motion, making magnets 
and magnetic fields, producing chemical actions. 

It is only by observation of these effects and their magnitude 
that we know anything about the presence of current and ita 
amount. All measuring instruments use one of these effects as 
a means of determining how much current is flowing. An instru- 
ment which measures amperes by the direct reading of a deflected 
pointer along a scale is an ammeter. A galvanometer is an instru- 
ment to indicate flow of current, in which the motion of some part 
gives the means of telling that current is flowing. It haa no 
direct readii^ scale and is used Cor many other purposes besides 
the measurement of current. 

The amount ot current flowing in ordinary apparatus might be: 

To light an ordinary 20-cp. incandes- 
cent lamp 0.25 to 0.5 amp. 

To light a common enclosed arc lamp . 6.0 amp. 

To heat a 5-lb. pressing iron 4.0to5.0amp. 

To operate a desk fan motor 0.5 to 1.6 amp. 

To start an interurban train 200.0to 2000.0 amp. 

To work themagneta of mainline tele- 
graph 0.015 amp. 

To electroplate an electrotype for a 

page of this book 0.5 to 1.5 amp. 

Some currents are so small that another unit, the milampere, 
is made use of. One thousand milamperes make an ampere. 

In the supply systems of office buildings and industrial- plants 
a thousand amperes or so is as much as will ever be supplied; in 
a few large plants or in very large central station distributing 
systems the total flow of current may at times rise to nearly 
100,000 amp. These figures are mentioned in order that from 
the beginning the magnitude of commercial currents may be 
known before actual handling of electrical apparatus has given 
one a more intimate knowledge. It should be clear from the 
start that relative values are of most importance; for example, 
that an arc lamp uses ten times as much current as an incan- 
descent lamp. 

4. Conductors and Insulators. — All material bodies may be 
classified by observii^ that current passes through some and 
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will not pass through others. Those through which current 
passes are called coaductors; those through which it will not pase 
are called insulators. Metals and most solutions of chemical 
salts are conductors. Since no hard and fast classification into 
conductors and insulators is possible, the followii^ table is 
inserted: 









ImuUton 


Silver. 


Carbon. 


The human body. 


Slate. 


Copper. 


Acid solutions. 


linen. 


Porcelain. 




Alkali solutions. 


Cotton. 


Marble. 


fflnc. 


Salt solutions. 


Paper. 


Sealing wax. 


Iron (wrought) 


Moist earth. 


Wood. 


Rubber. 


Nickel. 




Water. 


Shellac. 


Tin. 






Paraffine. 


German silver. 






Gla«. 


Iron (oast). 






Air. 


Mercury. 









Moisture changes many insulators into poor conductors, and 
poor conductors into fair conductors. At elevated temperatures 
many insulators become conductors. 

When current passes through metallic or carbon conductors 
it does so without altering them in any way. When passing 
through most non-metallic conductors, chemical decomposition 
occurs. 

Conductors are used to form the paths in which current is to 
flow; insulators to hold the current in the desired paths. Hence 
the importance and value of insulated wire. 

S. Electrical Dl&groms. — In order to understand any practical 
problem relating to the flow of current, it is necessary to be able 
to draw a picture which shall represent the apparatus in use and 
the paths in which the current flows. For this purpose certain 
conventional signs have been adopted so that no picture need be 
drawn and yet the meaning of the diagram is perfectly clear. A 
few of the conventions are here shown. Others will appear later 
in the book and will generally be self-explanatory. 
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Conventions somewhEit different from these have been adopted 
by the National Electrical Contractors Association for use in 
wiring plans, but they are not well adapted to general diagram- 
matic work. 

In diagrams shown in any books, care is taken to make the 
arrangement neat and clear. Everyone who makes diagrams 




FlQ. 1. 



should use care to give them as neat an appearance as possible. 
In Figs. 2, 3, and 4 are examples of what is meant. 

6. The Electric Circuit.— An electric circuit is a conducting 
path including a source of current. The various pieces of appa- 
ratus in it are generally connected by insulated wires. The 
nature of the circuit and the interconnections are best shown by 
digrams. One sort of circuit is that in which the various devices 



gT 




are connected in Bcriea. In such a circuit the current flows on 
through one thing after another (Fig. 2). The + mark on the 
dynamo indicates the terminal out of which the current flows 
(the positive or plus terminal). The — mark indicates the one 
into which it returns (the negative or minus terminal). Another 
way to connect apparatus is aa shown in Fig. 3. In this case the 
lamps are said to be connected in parallel or multiple. Id this 
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case the current from the + terminal of the dynamo flowing out 
divides, passing through all four lamps as different branches of 
the one circuit. 

The current is the same at every point ot a circuit. This will 
be clear from either Fig. 2 or 3. In Fig, 3 the four lamps are 
branches of the same circuit. Current will only flow in a complete 
conducting path. This would be called a closed circuit. In Fig. 



,-^ 




Fia. 4. 



Fio. 5. 



2 the conducting path is contimiouB through wires, tamps, and 
dynamo. Five amperes is flowing all along this path. To stop 
the flow of current the circuit may be opened at a, b, or c, or any- 
where else. In every case the current will stop flowing in the 
whole circuit. An open circuU is one in which the conductor is 
not continuous at some point or points. This may be the result 
of deliberate action or due to some fault which has developed. 




r^ ^^ 


y- ^ 



Usually when a circuit is opened it is due to the separation of 
certain conductors by means of a switch. ■ This act would be 
called opening or breaking the circuit. The reverse process is 
called closing or making the circuit. In Fig. 4 at S the circuit 
has been broken and no current flows. In Fig. 5 a current path 
has been broken also; compare Fig, 3 and Fig. 5, 
Fig. 6 shows two diagrams for lamps connected in parallel. 
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Chap. I] FUNDAMENTAL PRINCIPLES 7 

Either of them is the exact equivalent electrically o( Fig, 3, which 
might indeed be caUed a Bimpliiied diagram of either of them. 
In practical work actual circuits are often so complex that sim- 
plified diagrams are necessary in order to understand them. The 
reader will do well to reproduce the diagrams of Fig. 6, as shown, 
and mark on them the amount and direction of current flowing at 
every point in order to verify the facts above stated. 

Sometimes devices are connected in multiple-series, or 
series-multiple (see Fig. 7). Sometimes they are connected 
into networks {see section 77). A skort-circuU is one which 
includes no useful path for current from dynamo or battery; 
or referring to a certain piece of apparatus, its terminals are 
joined directly by a short piece of circuit. Thus, in Fig. 7, if 
a wire were connected directly from a to 6 the lamp L would be 
short-circuited. 




Fio. 7. 

7. Resistance.— Some conductors are better than others, as 
already noted. This difference is inherent in them for it is a 
property they have as much as color or mechanical strength. 
The best conductor is said to have the least resistance; the poorer 
a conductor is, the more resistance it is said to have. The resist- 
ance of a conductor is fixed in amount without regard to whether 
current flows in it or not, and without regard to the amount of 
current flowing. It varies some" with change in the temperature 
of the conductor, as will be later explained. 

The important thinp to know about resistance are the 
following: 

The Resistance of a Cond-uclor Varies vntk its Length. — The longer 
a conductor the greater its resistance; doubling the length 
doubles the resistance; reducing the length to quarter the former 
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amount reduces the resistance to quarter of what it was before. 
The resistance is the same no matter whether the conductor is 
coiled up or stretched out in a straight line. 

The Reeitlatice of a Conductor Varies Invertely with its Ctoss- 
aedion. — By cross-section is meant the actual area brought to view 
if the conductor is cut directly across. Thus, suppose we had 
two wires, one havii^ a diameter of y^g 'n. and the other ^ in. 
They are cut o& square across and in Fig. 8 we see the ends to an 
enlarged scale. Wire A has }i the section of wire B. The cross- 
section of a conductor is independent of the shape of the section, 
however. Thus, in F^. 9, C shows four wires laid together, each 
one the size of A. The cross-section of cable C is the same as of 
B. At Z> is shown a square conductor which has the same cross- 
section as B; its side is 0.1772 in, The term cross-section imphes 
no particular shape then. Referring further to Fig. 8, the wire 




A has four times the resistance per foot of wire E 
K the section. This is the significance of the term "varies 
inversely" used above. A cable made of 19 wires all alike would 
have a resistance Ko as much as of one wire alone. 

The Reeiatance of a Condutdor Varies with the Material of the 
Conductor. — Here the inherent property of the material comes 
in. There is nothing to guide except certain rough rules like: 
The resistance of metals is less than that of other conductors; 
the resistance of a metallic alloy is greater than that of any one 
of the components which make it up. In the table on page 4 
the conductors were set down in the order of their resistance, 
the best conductor being at the head of the list. Some ap- 
proximate values of relative resistance are given below. It 
would be well to memorize the numbers for copper,, iron, and 
german silver. 
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Material RelaUve leaiBtance 
Copper 1 

Aluminum 1.7 

Zinc 3.6 

Wrought iron 6 

Lead 13 

Cost iron 64 

Mercury 65 

18 per cent, german silver (copper, nickel and 

ainc) 20-21 

MaJiganin (copper, maDganese and nickel) 25 

Water with 25 per cent, sulphuric acid. . .300,000 

Salt water (Baturated) 8,000,000 

Sulphate of copper 11,000,000 

Sulphate of ainc 16,000,000 

Pure water 50,000,000,000 

Glass 10,000,000,000,000,000,000 

Hard rubber 200,000,000,000,000,000,000 

. 8. Unit of Resistance. — The unit of resistance measurement is 
the ohm. When very email resistances are measured the microhm 
IB used as the unit of measurement. A microhm is a millionth of 
an ohm. When very large reaiBtances are measured the megohm 
is used as the unit. A megohm is a million ohms. Until one 
gets used to estimating resistance by the same feeling which 
enables a mechanic to estimate the mechanical resistance of a 
stick of timber or a bolt, this cannot mean very much. A formal 
scientific definition can easily be given,' but for everyday pur- 
poses another basis ia very useful. 

9. Resistance of Wires. — Wires are supplied to the market in 
regular sizes, each one of a specified diameter. In the B. & S. or 
American wire gage, if one starts with any size and goes toward 
smaller sizes, at the third size the section will be half that 
from which one started. Thus No. 15 has half the section of No. 

' The unit of reeiet&tice ahull be wbat U knoon aa the international ohm, which is 





units of reaiatance of the eentimeter- 




1, and is represented by the reeietsnce 


oilerod to an unvarying electric current by a 




of melling iee fourteen and four thouaand 6 






D-sectional area, and of the len(th of 




etera. 



i.,GoogIe 



10 



APPLIED ELECTRICITY 



[Chap. I 



12; or No. 1 has twice the section of No. 4. No. 10 eopper wire 
. measures 1 ohm per 1000 ft, of length, and is Ho in. in diameter. 
With this as a basis and the information of the preceding para- 
graph, many useful practical problems can be solved, (Further 
details regarding wire and wire gage are found in Chap. XVIII.) 

ExAUPLE. — What is the resistance of 250 ft. of german silver 
wire No. 19 sizeT No. 10 copper wire 1000 ft. lor^ has 1 ohm re- 
sistance, so 250 ft. would have 0.25 ohm resistance. 250 ft. of 
No. 13 would measure 0.5 ohm, ; of No. 16, 1 ohm; of No. 19, 2 ohms. 
But german silver wire has 20 times the resistance of copper wire. 
Hence the resistance of 250 
ft. of No. 19 german silver 
wire would be 2 X 20 = 40 

10. Circuit Rei^stance. 
— Since all conductors 
have resistance, every 
electrical circuit must 




Fig. 10. Fia. lOa. 

have it. Resistance is found in every piece of apparatus and in 
every connecting wire. Three sorts of resistance might be men- 
tioned: (1) That which cannot be helped since it comes in ss part 
of necessary apparatus; (2) that which is useless and should be 
avoided; (3) that which is used to regulate or control the amount 
of current flowing in a circuit as is further explained in the next 
chapter. 
Examples of each of these sorts of resistance may be given. 
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(1) If an incandescent lamp is required, it muRt be taken along 
with its resistance (200 ohms or more). A dynamo to supply 
current must be built with a number of coils of wire on it through 
which the current flows, and their resistance is unavoidable. (2) 
A line of ^connecting wire is made unnecessarily long; or at some 
point wires are twisted together, thus making an imperfect per- 
haps almost an open circuit, and so more resistance than necessary 
is introduced. (3) In a very great number 
of practical circuits resistance is deliberately 
put into a circuit. It may take the form 
of a closed box (a resistance box) within 
which is some conductor arranged compactly. 
It may be, tor example, an iron strip folded 
together with mica set between the layers. 
A resistance box is diagrammatically repre- 
sented in Fig. 1 as apparatus (indefinite). 
It might be a Theoslat which is an adjustable 
resistance. This may take many forms. 
Fig. 10 shows a cut of one, and Fig. lOn 
a diagram tor one. If the handle is revolved 
the sweep arm moving over the contacts re- 
duces or increases the amount of resistance 
in the circuit in a manner which will be clear 
from the diagram. Fig. 11 shows a water 
rheostat, another form, in which water with 
washing soda dissolved in it is the path for 
current, and the resistance is varied by changing the distance 
between the plates. 

11. Combinations of Resistance. — From the statements of 
paragraphs 7 and 9, certain simple but very important deductions 
can be made. 

Suppose we have a coil of No. 10 insulated copper wire 5000 
ft. long. This will measure 5 ohms resistance. If we cut this 
into two parts, one 2000 ft. long and the other 3000 ft. long, the 
first would measure 2 ohms and the second 3 ohms. If these are 
connected in series they make a continuous wire of 5 ohms resist- 
ance. Now let each of the coils be put in a box provided with 
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bidding posts' (Fig. 12). Each one becomes to its user merely 2 
ohms or 3 ohms, so that if from either or both boxes the coil of 
No. 10 copper wire were removed and something equivalent in 
copper, iron, or gennan silver substituted, no difference at all 
would be found in the circuit. We might put into one box, 
instead of 2000 ft. of No. 10 copper, 500 ft. of No. 16 copper wire 
or 1 ft. G^ in. of No. 25 german 
silver wire, for each would have 
the Bame resistance and would 
be a complete substitute . Hence 
we find that the combined redst- 
Fiu. 12. «nce of a number of devices con- 

nected in series is the sum of their 
individual resistances, no matter what is the nature of each one. 

ExjUiple. — I have a miniature incandescent lamp (resistance 
5 ohms), a coil of insulated german silver wire wound on a spool (re- 
sistance 10 ohms), a signalling magnet whose coil of copper wire haa a 
resistance of 8 ohms, and I use some copper wires to connect these 
in series, amounting to H obm. The total resistance would be 
23M ohms. 

Now let us remind ourselves of the statements of section 7 
regarding the effect of change of section of a conductor on its 
resistance, and in particular of the fact that the cable C of Fig. 9 
has >i the resistance of A. Suppose we have a No. 10 copper 
wire 1000 ft. long laid outin a straight run. If we lay another 
No. 10 wire 1000 ft. long braide it, the section provided for the 
flow of current is doubled, and so the resistance is halved. The 
two together have a resistance of H ohm. This is independent 
of whether the wires are insulated or uninsulated; a connection at 
the ends only is required. But suppose each wire were coiled and 
placed in a box as in Fig. 13. The combined resistance A to B 
is the same (J^ ohm) as in the case at the left of the figure where 
the insulated wires have been broken in the figure but are to 

I Binding poets cotnmoaly [orm the fixed termlnBle of elec- 

icAl appHrHtus. They nte bd made an to afford readr meaiu 

wires toapparatue. Tbey are uauftUy 



Bhawn in the figun 
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represent two which are continuous straight away far 1000 ft. 
It will be obvious that once things are in the shape shown In the 
right hand part of this figure it is a matter of indifference, so tar as 
the resistance from A to B is concerned, whether copper wire or any 
other sort is in either of the boxes, or what number of feet of wire 
of the particular size used is there, if in each box the right length 
of conductor is put to make 1 ohm. From these considerations 




we see that if two things having the same resistance are connected 
in parallel their combined resistance will be half that of either one, 

or if any nurt^er of pieces of conducting apparatus, aU having the 
same resiatance, are connected in parallel, the combined resistance 
of the lot is the resistance of one divided by the number of pieces of 
appar(Uiis so connected. 



ExAUPLS. — In Fig. 14 a 
which has a resistance of : 
If in comparison with this 
that of the connecting win 
neglected: (a) what is the 
from X to Y, and (6) what would it be 
if half of them were disconnected? 



shown 10 incandeacent lamps, each of 
ohms. I - 



s may be 



(a) - 



- = 22 ohms. 



m - . 



A more general method of computing the joint resistance of a 
number of devices connected in parallel is given later in this 
book (section 101). 

In a great many cases in practical work an electrician is much 
more concerned with the amount of resistance a thing has than 
what it is made of or how its internal connections are arranged. 
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This is true to so great an extent that it ie customary to talk of 
"resistance" in such way as this: "Put 10 ohms into that cir- 
cuit," or "Can you arrange to take 2 ohms out of the circuit," 
never giving a thought to the form or arrangement of apparatus 
which will be used to effect such result. It might be a group of 
lamps, as in Fig. 14 (then called a lamp bank), or a coil of wire, 
OF a water rheostat which the person who was commissioned to 
effect the change might decide to use. 

QUESTIONS AND PROBLEMS 

1. Which is the larger current, 325 milamp. or 3 amp.? f^ amp. 
or 250 milamp. 7 

3. How many times as much current passes through an arc lamp 
as through a telegraph wire? 6 amp. flows through the lamp; the 
wire carries 15 milamp. 

3. Classify each of the following by stating whether It is a good, fair, 
poor conductor, or an insulator, and why you place it as you do: 
{a) salt water; (6) kerosene oil; (e) muslin; (d) brass; (e) lye water; 
(/) blue vitriol solution; (g) sand; {h) vinegar and water; (i) a glove; 
0) a shoe. 

4. Using the plana shown in Fig. 1, make a diagram of a circuit 
containing a dynamo, three incandescent lamps, and a motor. Ar- 
range things in as practical a way as possible. 

6. Redraw this diagram neatly so it is 
clear what sort of circuit it represents. On 
the new diagram draw direction of current 

6, In this circuit each lamp has -1 amp. 
passing through it. Mark the paths of the 
current and the amount in every wire. Redraw 
the diagram in another and better form. 

T. A plan for outline lighting of buildings used in 
park is shown by the following figure. Each lamp 

b c c f h ^ 

through it. Mark amount of current flowing and direction at 
a, b, c, d, e, f, etc. Current flows in at X and out at Y. 
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8. A No. 18 copper wire measures 0.66 ohm per 100 ft. What is 
the resiatance of 260 ft. of it? Of 1250 ft. 7 

9. A No, 18 copper wire measures 0.66 ohm per 100 ft. What is 
the resistance of a cable 600 ft. long made of 19 of them forming a 
regular concentric strand? 

10. A certain metal bar ia !^ in. by }^ in. in size, 10 ft. of it 
measure 0.015 ohm. What would the reastance of a 10-ft. length 
H in. by H in- be? Of a 5 ft. length, H in. by H in.? 

11. No. 14 copper wire measures 2.6 ohms per 1000 ft. How much 
resistance has 500 ft. of iron wire of the same size? Iron lias aii times 
the resistance of copper. 

13. Phoenix wire (used in electric furnaces) has a resistance 60 
times that of copper. If No. 22 copper has a resistance of 16 ohms 
per 1000 ft., how many feet of the same size for a resiatance of 20 
ohms, Phoenix wire being used? 

13. A certain make of caat-iron grid has Ho ohm resistance. Cal- • 
culatc the total resistance when a number are grouped as below. 
See A. 

14. Calculate the total resistance when the same sort of grids as in 
question 13 are grouped as at B. 

IB. Ekich lamp in problem 7 above has 200 ohms resistance. 
Calculate the resistance from X to Y with all the lamps on. 
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CHAPTER II 
EIXCTROMOTIVE FORCE AlfD OHM'S LAW 

12. Sources of Current. — In order to have a current flow there 
must be a source. The sources of electric current are dynamos and 
batteries. They have the power, when in operative condition, 
of driving the current through the electric circuit, forming them- 
selves part of the circuit. That terminal of a dynamo or battery 
out of which current flows is called the positive, and that into which 
it returns again the negative, as already noted. Dynamos supply 
either direct or alternating current; batteries only direct current. 
An electric current is the same and may be used to produce the 
same effects in the same apparatus, no matter whether it comes 
from batteries or dynamos. Batteries are used for sending current 
through call bell circuits and some signal circuits, but in most cases 
dynamo current is far cheaper and is therefore made use of for 
lighting and power purposes. One sort of batteries, called second- 
ary or storage batteries, often used as auxiliaries to dynamos as 
sources of current, is considered in Chap. XVI. 

18. Electromotive Force. — Wherever we see a current of water 
flowing, a force is behind it making it flow. Consider any form of 
pump. Water is flowing from the delivery side. The actuating 
force may be a direct manual force, as with a hand pump; or 
steam pressure, with a steam pump. No matter what it is, or 
how caused, a watermotive force (force to move water) is there. 
So in an electric circuit wherever there is a flow of current there 
must be an electromotive force (force to move electricity). It 
should be understood, however, that it is not a mechanical force 
which makes current flow. If there is no electromotive force no 
current will flow; the direction of electromotive force determines 
the direction the current flows. Dynamos are only current sources 
because they furnish electromotive force (usually abbreviated 
c.m.f.). They are electric pumps, machines to drive current 
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through circuits. It will be part of the purpose of the chapter 
takii^ up the study of dynamos to oonaider how they come to have 
an e.m.f. 

14. ITnit of Ejn.f,^The unit of e.m.f. is the volt. Precisely 
similar things might be said regarding this unit, in reference to 
understanding its magnitude, as tiave been said about other 
units. A formal definition need not be memorized in order to 
understand it' any more than one needs to know a formal defini- 
tion of a foot (measure of length) to recognize distances and make 
excellent use of a foot rule. E.m.f. (often called voltage) is 
measured by an instrument called a voltmeter. We often speak 
of e.m.f. separately from the machine which supplies it. Thus 
we speak of supplying an e.m-f. of 50 volts to a circuit without 
specifying just what sort of apparatus Is used for this. Such an 
e.m.f. ie called the applied e.m.f. 

E.m.fs. in regular commercial use range all the way from to 
100,000 volts or more. Common values range between 100 and 
600 volts in lighting and power work. Most lighting systems 
operate with 110 or 220 volts e.m.f. Most street railways operate 
with between 500 and 600 volts e.m.f. Dynamos generate 50, 
110, 125, 220, 250, 500, 1000, 6600 volts, etc., on common systems. 
For electrochemical work they sometimes generate only 8 or 10 
volts. Sometimes only a small fraction of a volt is used and a 
unit, the millivolt, is made use of. One thousand millivolts make 
a volt. 

Another way to form a conception of magnitude of e.m.f. is by 
the physical shock received when the human body (particularly 
from hand to hand) is made part of an electric circuit. Few 
persons in good health and under ordinary conditions fee! 50 volts; 
100 volts give most persons au unpleasant burning sensation 
similar to that when we speak of a hand being " asleep;" 200 volts 
^ve a decided shock; more than 200 is dangerous, although many 

'The unit of electromotive Force eliall be ffhat ia known Ha the iaternatioiiBl 
volt, whioh ii Che electromotiTe tone that, atesdily applied to a conduetor whose 

BiDpere. uid is pmclLwUv egaiKaltTit to ooe tboueand foorteen huadred and thirty 
[ourtha ol the eleoCromotive force betneen the polea or electrodee of the voltaic cell 
known aa Clark'a cell, at a temperature ol IS'C, aad prepared in the manner de- 
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men do not much mind 500; 1000 volts or more is pretty sure to 
produce a fatal shock. 

16, E.m.fs. in Series and Parallel. — More than one e.m.f. may 
act to send current through a circuit. They may be connected in 
series or in parallel. If in series, they may be all directed the same 
way or against one another. Thus (Fig. 15) we may have three 
e.m.fs. all directed the same way. The total e.m.f. in the circuit 
is then the sum of the three, or 170 volts, for all being directed 
the same way their forces add. If all are not directed the same 
way, the total acting e.m.f. is obtained by adding those directed 
one way, making a separate sum of those directed the other way, 
and subtracting the smaller amount from the larger. The differ- 
ence is the number of volts sending current — the acting e.m.f. 
The direction of flow of current is determined by the larger sum 
or by the acting e.m.f. Fig. 16 shows such an arrangement. 120 




Fig. 16. Fig. 13. 

volts e.m.f. is directed one way and 50 volts the other way. Hence 
there are 120 — 50 = 70 volts to send the current. The current 
flows exactly as though no more e.m.f. than this (70 volts) were 
present. That part of the e.m.f. which would send the current the 
other way in the circuit from that it really takes, that which is 
directed against the flow of current, is called the counter e.m.f. or 
back e.m.f. In Fig. 16, 50 volts is the back e.m.f. 

It sources of e.m.f. are connected in parallel, they must be 
alike or great complexities are sure to be introduced in considering 
the flow of current. In commercial circuits they are nearly 
always alike, and at this point we will limit ourselves to considera- 
tion of this case. Fig. 17 shows two dynamos connected in 
parallel delivering current to a circuit. Each generates 110 volts 
and each has current flowing through it. The current c is the 
sum of Gi and bi. After passing through the circuit current c 
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divides again to flow through the machines. The e.m.f. acting 
in a circuit like this to send the current is 110 volts, the e.m.f. of 
either dynamo. The presence of the second machine has not 
added any e.m.f.; it has simply provided a means such that the 
current in the main circuit haa come from two sources rather than 
one. This is the main advantage of parallel connections. Notice 
that around the local path through dynamo A and back through 
B the e.m.f. of A "bucks" that of B and no current could floW 
if the circuit were open at c. There is a rise of voltage from oi 
to as through dynamo A oi 110 
volts; likewise a rise through B 
from 6i to bt of 110 volts. 
Hence at X we have a part of 
the circuit 110 volts higher than 
at Y and this 110 volts sends the , 
current on around through Rt 
and Ri. Therefore by putting 
two equal e.m.fe. in parallel we 
have no more volts to send cur- 
rent through the circuit than 
when one alone acts, but the current is bound to flow around as 
marked at c, c, c dividing so part passes by Oi through dynamo A 
and the other part through bi and dynamo B. Oi equals oi. 

Up to this point everything which has been said applies equally 
well to either direct or alternating currents. The diagrams have, 
however, been made for direct- current apparatus. The laws 
regulating the flow of direct current and alternating current, 
and the apparatus for generating and using each kind, are suffi- 
ciently unlike so that direct-current principles and apparatus 
will be explained before the subject of alternating current is 
taken up. 

16. Ohm's Law. — The amount of current which flows in a cir- 
cuit-is determined partly by the resistance of the circuit and partly 
by the amount of e.m.f. sending it. Ohm's law gives us the 
means of computing the amount. It may be stated thus: 

The amount of current (amperes) flowing in an electric circuit 
can be determined by dividing the e.m.j. (volts) in the drcuil by the 
resiitance (ohms) of the circuit. 



^&^^^ 



Fio. 17. 
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This may also be expressed in the form of a mathematical for- 
mula or equation: 

„ e.m.f. volts , E 

Current - ,^^^-; ampate. - ,^^^ I - ^ 

In the last of these three forms the letters commonly used as 
abbreviations are put down. £ stands for e.m.f.; £ for resistance; 
and / is used for current, since C has been reserved for another 
electric unit little known in commercial UBE^;e. 

Ohm's law is a most important one. It has constant usefulness 
in almost all practical electrical problems. It applies to any 
circuit and to any magnitude of /, E, or R. It is for direct current 
and applies after a steady Sow of current has been established. 

An example or two will serve to show bow it is used. 

-1. A dynamo having a resistance of 1 ohm and an e.m.f. of 125 
volts has a lamp whose reaistaace is 24 ohms connected across its 
terminals. How much current flows in the circuit? 
, 125 



f-24 






2. Suppose a dynamo which generates 49.6 volts and the resistance 
of which is H ohm has 200 ft, of No, 16 german silver wire connected 
from the + to the — terminal. How many amperes will flow through 
the wire? (Take german silver at 20 times the resistance of copper). 

The wire has 16 ohms resistance and so 



By simple modification of the Ohm's law formula another class 
of problems is easily solved. Refer to Fig. 2 for a circuit under 
consideration and note the following as typical problems. 

3. How much e.m.f. must a dynamo generate in order to send 10 
amp. through a series circuit made up of seven arc lamps each having 
5 ohms resistance, 2000 ft. of No. 7 copper wire for connections and 
a dynamo whose resistance is 1 ohm? 

Wire 1 ohm 

Dynamo 1 ohm 

Lamps 7 X 5 = 35 ohms 

Total resistance 37 ohms. 
From/ = gwehavefi = /A;substituting£ - 10 X 37 -370 volts. 
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4. A circuit made up like that of Fig. 2 haa a current Sowing in 
it of 9.6 amp, The 4ynamo is generating 2500 volts. What is the 
resistance of the circuit? 

From / - I we have R ~ ji hence R - -g g- - 260.4+ ohms. 

17. Difference of PotentiaL — As has been esplained in an" 
earlier paragraph of this chapter, it is the e.m.f. which sends a 
current through a circuit. This is the force which drives the 
current through the resistance, and when current is flowing in a 
circuit this electromotive force is being spent all through the 
circuit. If the whole force is spent in the whole circuit, as must 
be clear, then some part of it is spent in 
each part of the circuit. If a dynamo 
having 100 volts e.m.f. drives the current 
through a whole circuit, part of it, say 
25 volts, is sending the current through 
the resiBtance of some part of the circuit. 
An examination of such pa^t would show piQ_ ]g, 

25 volts gone there — spent there. Sup- 
pose we think of the circuit shown in F^. 18. The dynamo is 
generating 100 volts: 25 of these are spent in getting current 
through Ri, 40 in getting the same current through Ai, 30 in 
getting it through R», and 5 in getting it on through the resist- 
ance of the dynamo (we are neglecting any volts required to get 
current through the connecting wirra). From a tB b then 25 
volts are spent. This is called the difference of potential between 
a and b; the fall of potential from a to b; the drop of potential 
from flito b or in the reaistance Si. The abbreviation for differ- 
ence of potential is F.D. This expression has a special and 
definite meaning, connecting it with certain energy relations which 
cannot be explained here. The term e.m.f. is reserved tor the 
generated volts, those for which the dynamo machine is operated 
and those due to which current flows. In fact by the e.m.f. we 
mean those volts which would be found present in an electric 
circuit which has a dynamo in operation but no current flowing 
because the circuit is open. The term fall of potential and the 
others corresponding with it are nearly always reserved for 
places where volta are spent. Current always flows in the 
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direction of the fall of potential; that means that as current is 
flowing, enei^y is being spent — is falling — as will be brought 
out later. Where current flows through resistance there must 
be a fall of potential. Where current flows through resistance 
of negligible amount, the fall of potential may be considered 
nothing. 

18. Obm's Law for Part of a Circuit— Ohm's law is even more 
used in considering problems involving only part of a circuit than 
it is for those including the whole circuit. A statement of it 
for part of a circuit might be made thus: 

The amounl of current (amperes) flowing through any device in 
an electric circuit is e^tuU to the fall of potential {volts) through the 
device, divided hy the re^slance (ohms) il has. 

T E 



If, for example (F^. 19), the fall of potential in Ri from a to 6 

is 15 volts and Ri has a resistance of 3 ohms, the current flowing 

through £i and also around the circuit Is 5 amp. This is certain, 

no matter how the rest of the circuit is made 

up, what amount of resistance is contained 

in the rheostat N, what sort of lamps are at 

' M, or what is the e.m.f. of the dynamo. 

Further applications may be illustrated by 
examples. 

Fio. 19. 1- Referring to the diagram of Fig. 18, what 

is the difFerence of potential between a and d 

if the dynamo is generating 130 volts, Ri is 1 ohm, R, is 1)^ ohms, 

Rt is 2>^ ohms and the dynamo has a resistance of %ti ohm? 25 

amp. are flowii^ through the circuit. 

First Solution 



Fall of potential in Ki = 25 X 1 =25 volts. 
FaU of potential in K, = 25 X IM = Z1% volts. 
Fall of potential in fl, = 25 X 2^ = 6^K volts. 




:dbvGoogIe 



Chap. 11] ELECTROMOTIVE FORCE AND OHMS LAW 23 



E = [R 

Fall of potential in the dynamo due to flow of current in its teaist- 
ance = 26 X Ho = 5 volts. Of the dynamo e.m.t. S volta are re- 
quired to drive the current through itself. Hence difference of 
potential between a and d 

130 - 5 = 125 volta. 

One hundred and twenty-five volts is called the terminal 
potential difference of the machine. In common usage it passes 
for the dynamo e.m.f. which is really a few per cent, larger. 

2. In Fig. 19 we know the fall of potential from 6 to c through 
rheostat A' to be 40 volt^. The current flowing in R, ae already stated, 
is 5 amp. What is the resistance of the rheostat? 

R "f- B=^ = 8 ohms. 

19. Deductions from Ohm's Law. — With a constant dynamo 
e.m.f., varying the resistance of a circuit will vary the current 
flowing through it. In practice this is often accomplished by 
inserting a rheostat. Adjustment of the current by varying the 
resistance is thus made easy. 

Referring to Fig. 19, if the dynamo e.m.f. were fixed in amount 
but the rheostat N were changed to include a different resistance, 
the current flowing through the circuit would change and the fall 
of potential in each part of the circuit would also change. 

If the resistance in JV be increased, the difference of potential 
between a and 6 would decrease. If the resistance in N were cut 
down to nothing the difference of potential between a and 6 would 
rise. If the circuit were opened at either binding post of resist- 
ance fit the difference of potential between a and b will at once 
rise to the same value as the dynamo e.m.f. 

The fall of potential around every circuit is always equal to 
the e.m.f. applied to the circuit. No matter how the applied 
e.m.f. may be changed or the current in the circuit alter, this will 
always hold true. 

• The fall of potential in any resistance of a series circuit is pro- 
portional to that resistance. This must be, since the current is 
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the same all the way arouad and E = IR. If, for example, the 
fall of potential io a 10-ohm coil is 2 volts, in any IS-obm coil in 
the same circuit it is 3 volts. 

If the fall of potential in a certain resistance which forms part 
of a circuit is known and also the resistance of the circuit, the 
applied e.m.f. can be determined thus: 
Let E = E.m.f. applied to circuit whose resistance is R, the 
sum of Ri, Ri and Rt. 
El = Fall of potential in a resistance of Ri ohms. 
/ = Current flowing in the circuit. 

E = IR, hence / = p- 
El = IBi, hence / = ~ ■ 
Things which are equal to the same thing are equal to each other 



ExAMPU. — The fall of potential in a 2-ohm coil in a circuit whose 
total resistance is 8 ohms is 30 volts. H<nv much e.m.f. is applied 
to the cbcuit? 

First Solution Second Solution 

E 8 r- 30 .^ 

3d ° 2 ' " """■ = T ° ^^ "^P- 

E - 120 volts. £ = 16 X 8 - 120 volts. 

The fall of potential through parallel branches must be the 
same no matter what the resistance 
of each branch or what current is 
flowing in each. In Fig. 20 X and 
Y are parallel branches. The fall of 
potential from o to 6 is the same for 
each branch. The fall through X 
must be the same as through Y, 
since the two points a and 6 are joined by both of them. 

QUESTIONS AND PROBLEMS 

1. Two dynamos are connected in series in a circuit. One has 110 

voltfl and the other 80 volts e.m.f. How much total e.m.f. is act- 
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ii^ in the circuit? (There are two answers. Give both and ex- 
pl&in them by the aid of diagrams.) 

3. I find that an e.m.f. of 375 volts is sending current through a 
circuit. I know there are two dynamos in series and that one is 
generating 500 volta. What is the other generating and how ia it 
connected? Make a diagram. 

3. Three dynamos are in series in a circuit. One generates 30 
volts, one 120, and one 90. Make a diagram to show how to connect 
them BO that the total e.m.f. acting to send current through the 
circuit is 240 volts; another so the total ia 180 volts; another so the 
total is 60 volts; another so the total is no volts. Place the dynamos 
in the same relative positions for each case. 

4. A dynamo having a resistance of 2 ohms and an e.m.f. of 240 
volta has a lamp whose reeistance is 4S ohms connected across its 
terminals. How much current Sows in the circuit? How much 
current would flow if e^ht such lamps were connected in parallel 
to the same dynamo? How much current if three of the same . 
lamps were connected in series and to the same dynamo? 

5. Suppose I had two dynamos each generating 125 volts. How 
many amperes will they send through a circuit including one lamp 
(24 ohms, R), the dynamoa being in series?, (There are two answers.) 
How may the circuit bo altered by adding resistance so 5 amp. flow 
(both dynamos are to be left connected)? Each dynamo has ^ ohm 
resistance. 

S. A dynamo is arranged to automatically deliver 550 volts to the 
external circuit. How much current flows when 20 ohms are in 
this circuit? How much when 2 ohms are in circuit? 

7. A circuit consists of a 7-ohm dynamo, 3 ohms in line wire and 
30 lamps in series, each having 9 ohms resistance. If 4 amp. are 
flowing in the circuit how many volts e.m.f. has the dj^amo? 

S. Two dynamos are connected in parallel, as shown in Fig. 17. 
Each one has a resistance of H ohm. Each one generates 110 volts. 
Ri is &H ohms and Bi iH ohms. Calculate the current flowing in 
the circuit and through each dynamo. 

9. A switchboard ammeter reads 1450 amp. The terminal P.D. 
of the dynamo is 116 volts, (a) What ia the R through which this 
P.D. is sending current? (6) How many lamps of 232 ohms each 
are connected in parallel to get this resistance? 

10. Three resistances of 20, 15, and 6 ohms are in aeries with 200 
volts applied to the lot. What will the difference of potential be 
across each resistance? Current through each? Make a diagram 
and mark results on it. 
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11. In a circuit made up aa \a Fig. 13 what is the difference of po- 
tential between a and b if the dynamo is generating 240 volts, Ri 
is 4.6 ohms, Ri is 3.2 ohms, Rt is 4 ohms, and the dynamo has a 
resistance of 0.2 ohm? How much is it if Sj is short-circuited? 

18. A certain circuit ia made up of a 2-ohm coil in series with a 
rheostat now set at 4 ohms. With 120 volts apphed: (a) Calculate 
the fall of potential through the rheostat, (b) What would it be if 
the rheostat arm were moved to reduce the rheostat resistauce to 
2 ohms? 

13. I have five devices respectively measuring 5, 10, 20, 25, and 
40 ohms. A dynamo delivers 100 volts at its terminals and sends 
curreDt to all- these devices connected in parallel. The wires for 
connection have too little resistance to count. Make a diagram of 
the circuit and mark the amount of current in dynamo, in each device, 
and in each connecting wire. 

14. An arc light (R = 5 ohms) has a current of 10 amp. flowing 
through it. A resistance is in series with the light, and 110 volts 
send current through them. How many volts fall of potential in 
the resistance? How many ohms in it? 

IB. A dynamo supplies a group of lamps connected from a to 6. 
There are 20 of these lamps (only 
, three shown) having 80 ohms each- 
Each line wire is 400 ft. of No. 7 
copper wire. There is a loss of 6 
volts from b to c. The dynamo has Ho ohm resistance. Find its 
generated e.m.f. and the current in each lamp. 



c 
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MAGNETS Aim MAGNETIC FLUX 

20. Magnetic Force. — A compass consists of a small magnetized 
piece of steel (the magnet needle) mounted on a vertical pivot, 
usually placed in a brass box with glass top so air currents will not 
influence the position taken by the needle and it will not become 
displaced. In Fig. 21 is shown the sort of compass which is 
meant. If the box ia held so the needle is free to take a position 
of its own choosing, it will always turn and stand with one end 
pointing toward the north and with the axis of the needle in a 
JV and S line. The end of the needle pointing to the north is 




Fig. 21. 



Fia. 22. 



called the North Pole and the other end the South Pole. Some 
force must be pulling the poles of the magnet to turn it on the 
pivot or to keep it pointing N and S. Thia is the magnetic force 
of the earth, which is present all over its surface. 

If we take a bar of steel which has been magnetized (methods 
of magnetiaing will be described later) and approach one end to 
one end of the magnet needle as shown in Fig. 22, a new magnetic 
force is seen in operation, the force which the magnetized bar 
carries around with it. With the two N poles near each other 
(as in the figure) they repel each other. If unlike poles are 
approached they attract. 



27 
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21. Magnetic Field, — The magnetic field of a magnet is the 

space in which it exerts magnetic force. A small compass needle 

placed anywhere near a bar magnet takes a definite position. If 

the juagnet is laid on top of a table on which a sheet of paper has 

been placed and then the compass needle is put down at a large 

number of points and the direction it 

^ ^ "t^ ■*" ^ points recorded, we find that a pic- 

V I '' *- © -».^ . / ture of the field of force is devel- 

^^ / I' v^ "^ oped, something like that of Fig. 23. 

J /f^ ^/l^ This shows it only in one plane; the 

^ \ ^ *^ --r' ' same thing holds for any plane 

"^ t~ t- / around the magnet. In this figure 

Pjg 23 t**^ arrow point stands for the N pole 

of the magnet needle. The figure 

shows that the field has definite direction at every point and that 

the magnetic force of the field acts along lines. Indeed, since A'' 

poles repel N poles but attract 5 poles, if it were possible to have 

a free JV pole and we started it oft from any part of the end of the 

bar marked N, it would move along some line and stop at the iS 



Fig. 24. 

pole. By general agreement such lines are called lines of magnetic 
force, or lines of force, and they are aaid to have the direction along 
which a N pole would move. 

The field of force around a bar magnet can be seen more clearly 
perhaps by placing a sheet of paper over the bar, dusting fine 
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iron filings and then tapping the paper gently. The result of this 
process will be to Becure a formatioa like that shown in Fig. 24, 
for the little filings set their longer axes along the lines of force. 

22. The Magnetic Effect of Current. — ^If & compass ie brought 
near a wire carrying current (a couple of amperes or so) a decided 
effect is produced on the direction in which the needle points. 
Thus, suppose a wire coming directly up out of the paper, as in 
Fig. 25, and current flowing up through it. A plot of compass 
needle directions for a number of settings of the compass would 
show the result there given. The force must be the same kind 
as in other cases, and so we see that current has a magnetic field 
around it. Further examination would show that the magnetic 
force gets bigger as current increases, disappears when current 
stops, and reverses if current is reversed. 




Fig. 26. 



If a wire is made up into a coil, as in Fig. 26, and a current sent 
through it, there will be produced a magnetic field such as shown 
in this figure. This can be produced by the use of iron filings 
on a sheet of i>aper placed as shown. If the coil with current in 
it were suspended and allowed freedom of movement, Jt would 
turn and stand with its axis in a iV and S line as a magnet needle 
would do; while, if it were used as was the bar magnet of Fig. 22, 
the same results would be produced. The coil is in fact the exact 
equivalent of a bar magnet, but by varying the current in it, its 
strength can be varied; while, if we explore the lines of force with 
a magnet needle, we find they run through the magnet (coil) as 
well as outside. It would be called an electromagnet. Common 
usage, however, keeps this term for a structure having magnetizing 
coils wound on an iron core. 
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23. Magnetic Flux. — The lines of magnetic force in the figures 

shown, or in any other case, are merely the stream linea of magnetic 
flux. A conception of magnetic flux may be secured by using as 
illustration a simple analogy.' Suppose we have a tube a few 
inches long within which is mounted a force pump which, when 
in operation, will draw a fluid in at one end and expel it from the 
other. WhUe this pump is in operation let the tube be immersed 
in a tub of water all through which are sawdust particles. After 
steady conditions have become established, observe the hquid. 
The whole volume is in motion; within the tube and near its snds 
the liquid has high velocity, but out in the tub the motion is slow. 
The sawdust particles are marking out stream lines in the fluid. 
The stream lines are continuous in closed paths. The same 
stream which passes down the tube returns in much wider paths 
to the other end by way of the whole volume of fluid. The 
amount of water moving through the tube per second ia the same 
as the amount returning to the other end outside the tube. Here 
is a picture of the magnetic field — a field of magnetic flux. If 
into the tub we insert an object such as a small block, it experiences 
a force to drive it along the. stream lines, and the nearer the end of 
a tube it is placed the greater the force experienced. It is repelled 
from one end and attracted to the other. While this analogy fails 
at some points it can be much elaborated and is very useful in 
picturing the real facts of magnetism. There is then a magnetic 
flux whose stream lines we call lines of magnetic force; this flux 
passes through magnets and on around, completing a magnetic 
circuit. The same total flux is found at every part of a magnetic 
circuit; the same flux goes all the way around. In forms of 
magnetic circuit so far shown this is not so clear as in others later 
described. Taking the magnets of Figs. 23, 24, or 26, the return 
path for the flux passing through the magnets and out of the N 
pole is through all the space surrounding them. 

The analogy may be used further for a partial explanation of 
attractive and repulsive forces between magnets. Suppose we 
put two tubes with their enclosed force pumps under the water. 
Each will have its own effect in producing currents. Jf certain 
ends are approached, the tubes, by means of these currents, repel 

• Kapp: "Dynsmoa, Alternstoia, and TraDsIormeia." page 36. 
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each other. If one tube is reversed, by the same means they 
attract one another. If we took an instantaneous photograph of 
the flow of particles when both tubes are in operation we would 
secure a picture like Fig. 27 which is a reproduction of a magnetic 
' field due to two magnets. The main difference arises from the 
fact that some flux emerges from the sides of the magnets, whUe 
all the water would emerge from the ends of the immersed tubes. 
Many persons find it difficult to gain a satisfactory conception 
of magnetic flux because it seenis so mysterious. Since it a£fects 
none of our senses, it is difficult to believe in it as a reality. And 



Fia. 27. 

yet many examples may be cited of commonplace things which are 
just as mysterious. There is light flux, for example, the streaming 
of light out from light sources, of which we are quite unconscious 
unle^ our open eyes happen to receive it. Dust particles in the 
air may be used to reveal it where otherwise we would not even 
suspect its presence. Or there is air flux, the streaming of air 
which we call air currents or breezes, about the horizontal stream- 
ing of which we know something, but whose complex real flowing 
is only just beginning to be revealed as aviators encounter curious 
conditions which even a few feet before them they are unable to 
anticipate. Ot>servation of motions of small and of light objects 
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reveal air currents of which we would be absolutely unconscious 

without them. 

21. Direction of Magnetic Flux. — The direction of magnetic 
flux is such that it always passes out of N poles and into S poles. 
The amount of inagnetic flux shows the 
strength of the magnet. If twice as much 
flux comes from the N pole of one magnet 
as from that of another, the second magnet 
is twice as strong as the other. There is a 
fixed relation between the direction of flux 
and the direction of current flow. Compare 
Fig. 28 and Fig. 25. A useful rule for con- 
necting direction of current and direction of 
flux is the following: 

Grasp the conductor carrying the current in 
the right haiid with the thumb pointing along 
the ctmditdor in the direction the current is 
fiowing; the fingers wiU point in the direction 
the flux is going. 
This rule is easily extended to include 
every case where it is desirable to know this relation. In Fig. 
26, for example, in order to produce flux in'the direction there 
shown current must enter at a and pass out at b. 

26. Magnetization of Iron. — Iron has the peculiar property 
that it is a tetter conductor for magnetic 
flux than other materials, and on tliis 
account is said to have more perme- 
ability. This quality of iron is shared 
to a slight degree by the metak nickel ; 
and cobalt. All other materials are 
equally good conductors for magnetic 
flux and are therefore said to have the 
same permeability. Their permeabiUty 
is 1, the same as air. Wrought iron 
and cast (machinery) steel have about the same perme- 
ability, cast iron about half as much. The permeability of 
soft wrought iron m»y easily be 1200 or 1500. This means that 
with a very simple magnetic circuit like that of Fig. 29, if we 



Fia. 28. 




Fio. 29. 
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substitute wrought iron for the wooden ring on which the coil 
of wire was first wound, with the same current Sowing in the same 
coil, 1200 or 1500 times as much flux would pass around the mag- 
netic circuit. The flux path for either case Is indicated by a 
dotted line. 

26. Flux Intensity and Saturation. — In many problems it ie 
important to be able to express the amount of flux as a numerical 
quantity. There is a unit for expressing amount of flux called 
the maxwell; but instead of speaking of 2,000,000 maxwells, it is 
much more common to say 2,000,000 lines of force, referring to 
the lines already explained. If the total flux be divided by the 
cross-section of the magnetic circuit in square centimeters' the 
flux per square centimeter is determined, which ia called the jiux 
infenaUy, or lines per square centimeter. This quantity is impor- 
tant because iron has a peculiar variation in its permeability such 
that when magnetized to a high flux intensity the permeability 
greatly diminishes. Under such conditions it is said to be getting 
salurated, and with very high flux intensity, to be saturated. 
Saturation is used to express the idea that the iron has reached a 
condition such that it has received through it all the flux which it 
can receive as a material having better permeability than air. 
Saturation is a rather indefinite term. With good wrought iron 
and steel it would be reached at something like 20,000 or more 
lines per square centimeter, while in cast iron it would be reached 
at 8000. 

27. Ampere-turns. — -In the case of all electromagnets, current 
flows through turns of winding to send the flux through the mag- 
netic circuit. Current in turns is the cause of the flux. 

I^periment, as wefl as the mathematical theory of the subject, 
shows that the amount of flux in a given magnetic circuit depends 
upon and is regulated equally by the current in use and the number 
of turns through which the current flows. Hence, given a mag- 
netic circuit (as, for example, Fig. 29) it makes no difference 
whether we use 20 turns of winding with 3 amp. in them, or 60 
turns and 1 amp., or 600 turns and 5-f o amp., the flux would be the 
same. The product of the amperes by the turns— the ampere- 
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turns — is the same for each of the above windings. It is a general 
principle then that a certain number of ampere-turns produce a 
certain amount of flux in a magnetic circuit no matter how made 
up. 

Increasing ampere-turns results in increasing the flux. If 
the path for flux has iron in it and the iron is not saturated or 
approaching saturation, the flux would increase in the same 
proportion as the ampere-turns. But if saturation is being 
approached, the increase in flux will not be as much as in propor- 
tion, and the more highly saturated the iron the less the increase 
in flux for a given increase in ampere-turns. 

28. Compound Magnetic Circuits.— ^Practical magnetic cir- 
cuits are usually compound — that is, made up of more than one 




material. They are generally of iron or nearly all of iron, and 
so the flux path is marked out in a very clear way. Such cir- 
cuits are called closed magnetic circuits. Examples of these are 
■given in Fig. 30, 

The iron part* are shaded; the flux paths are indicated by a 
single dotted line for each path; the usual location of magnetizing 
coils is indicated by the letter /. In each case there is a closed 
magnetic circuit, all of iron except a short air gap. The more com- 
pletely the path for magnetic flux is all of iron the more magnetic 
flux there is sure to be for the ampere-turns in use. 
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A is a single horseshoe magnet form. B and C are double 
horseshoe magnet forms, while D, E, and F are multipolar forms. 
D and F are forms which can be easily modified to have any even 
number of poles. . 

Taking the single horseshoe form as a simple example for 
further consideration, note (Fig. 31) that the different parts might 
be of different materials, of different shapes, and of different 
sections, y would be called the yoke. It might be of wroi^ht 
iron, rectangular in section and quite massive, //are the field 
cores or the cores. They are likely to be of wrought iron, cir- 
cular in section, pp are the poles and they might be cast iron. 
a is the cyhndrical armature placed concentric with the bore of 
the pole faces, and separated from them by a short air gap through 




5oa 

Fio. 31. 




which the flux passes. The armature is made of sheet-steel 
discs. In a normal magnetic circuit the flux density might be 
8000 lines per square centimeter in the armature core, 9000 in 
the air gap, 16,000 in the field cores, and 6000 in the yoke. The 
total flux through the magnetic circuit, the same all the way 
around, might be anything from a half million lines up to several 
million, depending on the siae of the structure. The ampere- 
turns placed on a dynamo magnetic circuit to magnetize it are 
likely to be somewhere from 5000 to 10,000. 

All the flux does not keep in the iron path — the useful path; 
for in a dynamo machine, aa will later appear, the windings are 
put on the magnet cores for the purpose of getting flux through 
the armature. Since there is no insulator for flux, some instead 
of crossing the air gap into the armature passes across a longer 
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air gap from pole to pole, or even field core to field core, without 
reaching the armature at all. Thie is called leakage flux. Multi- 
polar forms generally have less leakage flux than single horseshoe 
or bipolar forms. 

In order to produce N and S poles as marked in Fig. 31, that is 
to have flux cross the armature from left or right, current must 
flow in at m and out at n. However, the windings may be 
put on differently. See Fig. 3? for one other way, in which case 
current flows in at n and out at m, and the same difcction of flux 
holds as in Fig. 31. The reader should make sure that by the use 
of the rule for the relation of direction of current and direction 
of flux, as stated in section 24, he sees clearly that the magnetiz- 
ing efltect of the coils in Figs. 31 and 32 produce the flux, sending 
it in the direction state. In using the rule, sink the fingers 
into the iron and point them aloi^ the known flux path. If 
this is clear, it will be easy to arrange windings for any of the 
other miJtipolar forms shown. 

If the current flowing in the winding of the magnetic circuit 
represented in Figa. 31 or 32 should be increased in regular 
amounts, as for example, 10 per cent, at a time, the flux is not 
likely to increase 10 per cent.; for some part of the magnetic 
circuit (in this case most likely the field cores) will be approaching 
saturation. The bigger the current the more nearly has the whole 
circuit approached saturation. Hence a time will be reached 
when increasing current would increase flux by a comparatively 
unimportant amount. 

2fl. Results of Magnetizing. — When the current Sowing in the 
magnetizing ampcrc-turna on a closed magnetic circuit is in- 
terrupted, the flux does not entirely disappear. That which is left 
is known as residual magnetism. In some apparatus, residual 
magnetism is an advantage and in some a disadvantage. In 
dynamo machinery some residual magnetism is desirable. The 
property iron has which leads to its retaining magnetism is 
called hysteresis. Iron always tends toward the former condition 
of magnetization it had. It has a magnetic memory. If a 
magnetic circuit had not been magnetized before, and 6000 
ampere-turns are applied, a flux of a million lines may be produced. 
When the current is cut off, instead of the flux dropping to noth- 
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ing, perhaps 50,000 lineB are left. In the same way if it has been 
magnetized by an increase of ampere-turns from 6000 to 7000 
and this has produced 10 per cent, increase in flux, a decrease 
to 5000 again will cause a decrease kss than 10 per ceni. This 
is said to be the effect of hysteresis. 

If current in a magnetizing circuit be repeatedly made and 
broken, the flux comes and goes with the current up to as high a 
rate of opening and closing the circuit as can be desired; while 
if the current were reversed and re-reversed, the flux would vary 
with the current both in direction and magnitude, except for 
hysteresis effects, as already explained. 

It happens that we know something of the reason why iron is a 
better conductor for flux than other materials, and this is an aid 
in explaining saturation, hysteresis, and other phenomena relat- 
ing to its magnetisation. Every molecule' of iron is a permanent 
magnet with its own N and S poles. When a piece of iron shows 
no evidence of magnetization, its molecules are under the in- 
fluence of each other's magnetic forces, and because of their 
haphazard arrangement, no external mE^netic force shows. 
When ampere-tuma are applied, or the piece is made part of a 
magnetic circuit through which flux is sent, the molecules are 
brought somewhat into alignment with the force. The more the 
magnetizing force the closer the alignment, until when the mole- 
cules are all aligned with the force, the iron is said to be saturated. 
Having secured an alignment of the molecules by magnetizing, 
the removal of the current in the magnetizing coils leaves them 
to some extent in altered positions; hence the residual magnetism, 
and the hysteresis effects. If current is reversed, the molecules 
of the iron must be reversed and re-reversed with it. This causes 
some sort of internal molecular magnetic friction, and the iron 
warms up if the reversals are repeated rapidly enough. 

30. Methods of Magnetiziiig. — ^The magnetizing of a magnet or 
magnetic circuit by the use of ampere-tums has already been 
explained. 

Methods of making permanent magnets, in which the flux stays 
constant without any ampere-turns to maintain it, may be briefly 
mentioned. Since the molecules have a great deal to do with 

' A moUcule is the amBlleat quantity of a gubsCance which can eiist u such. 
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magnetization it will be plain that for a permanent magnet a 
hardened tool steel will be the thing to use. The bar is made 
glass hard and then the temper drawn to straw-tint at the ends, 
fading to blue along the bar. It is then set into and made part 
of such a magnetic circuit as shown in 
Fig. 33, where B is the bar and G the 
magnetizing coil. 

Less Satisfactory ways of applying a 
magnetizing force are to stroke the bar 
with another permanent magnet or in- 
sert it" in a coil like that of Fig, 26. 
'"*■ "■*■ Steel of any form can be magnetized 

to have poles produced at any' points. Iron and steel perma- 
nent magnets have the magnetism jolted out of them by me- 
chanical vibration. 



QUESTIOHS AND PROBLEMS 

1. Current flows in at A and out at B. The coil is wound on an 

iron core. Mark by lines which way the flux 

7^ A A f\ i\ I sues. Mark the N pole. Draw in and around 

magnetic flux. 
S. For a horseshoe magnet and armature as shown, show how 
the turns of winding are to be placed (one coil on each 
leg) and the direction of current to produce poles as 
marked. The coils are to be connected in series. Draw 
also some lines to show the flux paths. 
S. For this magnet tell aa many ways a 
' ' which more flux csd be made to go - 

through the magnetic circuit. Change 
in arrangement or material is allowed. The U- 
shaped magnet and armature are of cast iron. 
4. The figure shows a wooden ring with a coil of 

wire on it. If current is passed through the coil, 
which way will the flux go? If the ring were 
chained to brass and the current were the same, 
how would the flux compare with that in a 
wooden ring? If it were wrought iron, how would 
it compare? 
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G. The flux in iin iron magnetic circuit b 720,000. It haa a croaa- 
sectlon of 12 sq. id. Suppose non the current in the magnetizing 
coil is doubled, how will the Sux be changed? How if the current is 
doubled again? Explain in both caaes. 

6. A certain m^net haa been wound with 295 turns of wire through 
which 4 amp. have been flowing, (a) A new winding of finer wire 
is put on. It contains 2360 turns and 3^ amp. is sent through. 
Compare the strength of the two magnets, (p) Suppose with the 
last winding the current were increaaed to 1 amp. How would the 
Strength compare with the former value? 

1. Fut a field winding on a magnetic circuit like that of B, Fig. 30, 
uaing all four horizontal portions marked /for the wind- 
ings. Connect all coils in series and produce a N pole 
above the armature. 

8. In the figure z are zinc spacing blocks and c is a y({^T\ 
cast-iron base. Mark some probable patha for leakage '^ ^ 
flux. Suggest some way to reduce its amount. 
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CHAPTER IV 

DntECT-cnssEnT dyitamo, e. m. f. 

31. Generadon of Ejn J.— Whenever a conductor cuts flux by 
either a movement of flux or conductor, or when flux varies 
through a turn of wire, an e.m.f. ia generated in the conductor 
while the cutting or change is in progreaa. The amount of e.m.f. 
generated is proportional to the rate at which the flux cuts the 
conductor, or the rate at which it varies through the turn of wire. 
By rate of cutting fiux is meant the flux out per second; although 
any rate may last only a very small fraction of a second. 

The rate of cutting flux in a given case is determined by: 




■s ^.y 



Fig. 34. 



(a) The speed at which the conductor moves; (6) the amount of 
flux through which the conductor is cutting. 

Thus, for example, in Fig. 34 is a straight conductor placed 
in the magnetic field found in an air gap of a magnetic circuit. 
If it is moved, then while moidng an e.m.f. will be generated along 
it, unless the motion be in the direction of its length, tor it will 
be cutting flux. Suppose the field intensity to be 4000 hues per 
square centimeter and the conductor to be movii^ downward 
through the position shown at a speed of 25 ft. per second, some 
number of volts will be generated. If the speed were doubled 
the generated e.mJ, would be doubled, or if the intensity were 
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increased to SOOO the e.m.f. would be doubled. If both were 
doubled the e.tn.f. generated frould be quadrupled. If the 
intensity of flux is constant all across the pole face and the con- 
ductor keeps moving at a constant speed, the e.m.f. generated 
would be constant until the conductor passes out of the field; 
when, flux cutting having ceased, the e.m.f. drops to nothing. 
If the conductor increases in speed as it moves down, or the flux 
intensity is greater toward the lower 
edge, or both, the e.m.f. will increase 
as the conductor moves downward, 
until the edge of the field is reached. 

Precisely similar considerations , 
apply to a turn of wire, as shown p,Q jg 

in Fig. 35. If movii^ downward in 

its edgewise position, it has flux through it increasing. Hence 
e.m.f. is being generated in it. Or, if moving upward, flux through 
it is decreasing and bo e.m.f. is being generated. 

In Fig. 36 ia shown a conductor in rectangular form revolving 
in direction shown about the axis xy. Side ob is cutting flux and 
BO is cd. Hence there must be e.m.f. generated; or from another 
point of view, the flux through the 
loop as it turns is diminishing and 
so there is an e.m.f. there, 

32. DirectioD of Generated E.m.f. 
— The direction of the generated 
e.m.f. ia determined by the direction 
in which flux is cut. Some rule con- 
necting direction of flux, of motion, 
and of generated e.m.f. must be 
remembered in order to be able to 
predict from the motion of the con- 
Fig. 37. ductors, the direction of the e.m.f. 

The following is recommendcdi 
Pvt the thumb and the first two fingers of Ike right hand all al 
right angles to each other {see Fig. 37). // the thumb points in the 
direction of motion, and the first finger in the direction of flux, 
the second finger will point in the direction of generated e.m.f. 

This rule applies to any ease of cutting flux, when the conductor 
considered and not the magnetic field, is moving. In dynamo 
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machinery it applies no matter whether the mncliine is for direct 
or alternating e.m.f. Applying it to the caBe in Fig. 34, the e.m.f. 
generated by downward motion of the conductor is from a to 
b. In Fig. 35 by downward motion of the loop an e.m.f. generated 
in the side ab acts around the loop bade. In Fig. 36, ofi is cutting 
flux so as to generate e.m.f. from 6 to a and cd is cutting flux 
to generate e.m.f. from d to c. No e.m.f. is generated in be 
or da. 

33. Dynamo Annatures. — In section 28 it has been noted that a 
dynamo armature is part of a dynamo magnetic circuit, has 
cylindrical form, and is built of sheet-steeJ discs. Strictly speak- 
ing, this is the armatuTe core. It is the structure on which wires 




are placed so that when revolved the wires generate the e.m.f. 
of the machine. In Fig. 3$ two forms of armature core are 
shown. The upper one is built up of discs like A about 0.02 
in. thick, each one having a thin coating of japan varnish on one 
aide to insulate it from its neighbor. They are laid up together, 
compressed between cast-iron end plates cc, and the whole thing 
solidly secured to the shaft ss by which it is supported in bearings 
and rotated. The lower one is built of discs shaped like fi, 
with a large opening in the center. Often the discs are not only 
insulated by japan but they have a thin tissue paper sheet, 
inserted above every fifth disc. These discs are supported on 
a spider {sp in figure) which is a castii^^ made of a bub with radial 
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arniB. End rings of considerable thickness are arranged to 
compress the discs and to hold them so as to make one solid 
structure mounted on the spider, which is keyed to the shaft. 

On the outside of the cylindrical core, wires are wrapped in 
coils and arranged for the generation of e.m.f., these coils being 
held in position by fiber pins or strips usually set into sawed slots 
in the end discs. This constitutes the armature winding. 

34. Amuture ConBtnictioii. — There are two sorts of armature 
winding in general use, ring armature winding and drum arma- 
ture winding. Ring armature windings are very little used in 
modem armatures, but will be described first, because they are 
easier to explain and understand. 

In Fig. 39 is an outline diagram of a ring armature. In order 
to make the construction clear the top part is shown in perspective 
in Fi^. dSA. Two turns per coil are shown in the diagram and 
only one per coil in the perspective drawing. The poles of a 
bipolar magnetic circuit form are shown. Magnetic fiux passes 
from the N pole across the air gap into the core, and then, fol- 
lowing the route as shown in Fig. 40 enters the S pole. No fiux 
crosses the central opening of the ring; and in order to make it 
certain that none will do so, the spider which supports the ring- 
shaped stampings must be of gun metal or some non-magnetic 
material. 

In a well-designed machine the fiux passes across the gap with 
practically uniform intensity over most of the pole face. Near 
the pole tips it fringes off, diminishing in intensity as they are 
passed, but still some comes over to the annature except for a 
short distance a aa marked in Fig. 40. The width of this space 
in which flux neither enters nor leaves the core is determined by 
the spread of the poles, the distance from the tip of one pole to 
the next, and the length of the air gap itself. 

A cylindrical structure is represented diagrammatically around 
the shaft in Fig, 39, several of the bars of which are numbered. 
This is the commutator. In Fig. 41 is shown a commutator as it 
is built, one-quarter having been cut away to show the con- 
struction. A large number of copper bars, each separated from 
its neighbors by mica insulation, are so assembled that their 
outer auifaces form a perfect cyhnder. These bars are locked in 
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place by clamping rings, Bbown in section in the %ure. Be- 
tween the bars and these rings, insulating them from each other, 
are mica cones, which in the upper part of the figure are shown 
by heavy black lines. A tubular mica piece is placed inside the 
bars. The two cast-iron clamping rings are driven together over 




Fig. 3W. 

the commutator bare by hydrauHc pressure and then held by 
screw bolts, some of which show in the figure. One of the 
clamping rings forms a. support for the other and also a barrel 
which slips over the armature shaft or a projecting casting made 
in one with the armature spider. At the left end of each bar is a 
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milled cut into which the ends of the armature nindii^B are 
soldered. In Fig. 39 the commutator shown has only 12 bars. 

The armature winding is put on in the following way: Starting 
from a bar, as number 1, a wire is carried up over the front of the 
ring to a, then straight back along the cylinder, down on the back 
and around through the inside completing a turn; up around to 
c and around coming down to bar 2. From bar 2 another coil is 
put on, going to d, e, f, to 3, and so from bar to bar continuously 
to the point of atarting. Starting from any point in the winding 
and selecting a direction to go there will be one continuous con- 
ducting path back to the point of starting. In following this 
every wire of the winding would be passed through, and each bar 
of the commutator be touched. Since all the wire is insulated, 



Fig. 40. Fig. 41. 

and the bars are all completely insulated from each other, it is 
not possible to find a divided circuit anywhere. A very small 
armature might be made with no more than 12 bars in the com- 
mutator and 12 coila in the winding. In this case each coil might 
have 50 turns or more in it. In larger machines with 2 magnet 
poles, there might be 40 or 50 commutator bars and the same 
number of coils, each coil having 6 turns or so, laid in two or more 
layers. In a big machine there might be only 1 turn per coil. 
In every case the winding completely covers the core, placed in 
one, two, or more layers; and the winding is carefully insulated 
from the core by paper or cloth wrappings. 

The winding might have been started just as well by passing 
from bar 1 through the central opening up on the back and along 
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the cylinder to the front, or instead of starting with bar 1 and 
proceeding toward bars 2, 3, etc., the winding might have been 
started from bar 1 and wound toward 12, etc. It is only necessary 
that every coil be wound like every other. 

The wire for such windings ia mf^net wire. This is copper 
wire on which for insulation is wound a layer of cotton threads 
in a spiral to make a continuous covering about 0.003 in. thick 
for the smaller wire si^es. A second and even a third such layer 
is put on when the wire is to be used for armature windings. 
Magnet wire is therefore either single, double, or triple cotton- 
covered. Armature cores are insulated by paper or fabric insula- 
tion before the wire is placed on them, and coil ends are reinforced 
by additional insulation where wires cross or where they are 
exposed to possible mechanical injury. By the use of varnish 
or compound the cotton and fabric insulations are reinforced 
and protected against moisture. Moist fabrics are "poor 
conductors." 

36. E.m.f. in Ring Armature Winding. — If now the armature 
with winding on it is rotated, every outside wire will be cutting 
flux, and so will have an e.m.f. generated in it. If the rotation ia 
as indicated in Fig. 39, the e.m.f. in every wire on the right side 
of the armature at the instant under consideration will be 
directed out toward the observer, and in every wire on the left 
side it will be directed in (Rule of section 32). Only these 
wires on the outside of the cylinder have any e.m.f. in them.^ 

Following the winding aU the way through and bearing in mind 
the direction of e.m.f. wherever encountered, we will find that 
along the right-hand side all the individual e.m.fs. in the wires 
are connected in series; the same ia true for those on the left- 
hand side, but the e.m.f. of the left side is directed against that of 
the right-hand side. The number of volts generated in each wire 
will be the same except at and just beyond the pole tips. There it 
diminishes, for, while the speed of cutting of each wire is the same, 
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the intensity of fiux is leas aear and beyond the pole tips, as 
already explained. For the sake of simplicity assume that 2 
volts is generated in each wire except those lettered w, x, y, Z, 
which would not have any e.m.f. in them. Then on the right- 
hand side are 10 conductors in series each generating 2 volts, 
or 20 volts in all, directed toward the upper part of the winding. 
On the left-hand side the same number of conductors in series 
generate 20 volts, also directed toward the upper part. Hence 
between the upper part of the armature and the lower is a difference 
of potential of 20 volts derived from two e.m.fs. in parallel. 

In order to be used, this e.m.f. developed in the rotating 
armature must be available between fixed terminals. It is the 
purpose of the commutator to make this possible. By allowing 
a pair of stationary brushes to rub on the commutator, placing 
them as shown in Fig. 39, the difference of potential of 20 volts 
is constantly available between these fixed points no matter 
what part of the armature winding is uppermost at the time. 

Every coil in the armature winding must have the same number 
of turns and all be wound the same way. Suppose 22 volts were 
generated in one side and 20 volte in the other; then locally 
through the armature winding there would be an e.m.f. of 2 
volts sending current through the resistance of the wire on the 
armature which is always small. 

If the direction of rotation of the armature or the direction 
of magnetic flux through the magnetic circuit were reversed, the 
e.m.f., and so the current sent out through the brushes, would 
be reversed. 

Multipolar ring armature windings can easily be made, but 
they are so rare that no space will be taken to describe them. 

36. Function of Commutator and Brushes. — The commvUdor 
gives the means of constantly keeping hold of those parts of the 
armature winding between which the generated e.m.f. of the 
machine is produced while the armature is in rotation. 

The brushes, by rubbing on the commutator (see BB of Fig. 
39), form an important part of the path by which the current 
flows out of the armature into the external circuit and back again 
from it to the winding. In modern practice they are almost 
always of carbon (sometimes of graphite) and are pressed to 
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the commutator by springs so a good contact is always main- 
tained. In Figs. 42 and 43 are shown two forms of brush 
holders. It is always best to have at least two brushes at each 
point where they are applied to the commutator for the sake of 
more perfect contact. In Fig. 42 there are six brush holders 
mounted together on a bruah-holder stud. In Fig, 43, a brush 
is in plaC6 in the holder, with a flexible wire connector (called a 
pig-tail) from it to a fixed part. This ia used to prevent current 
passing through the springs or through ihiperfect contacts on 
the way to the machine terminals. 
That brush is positive at which current flows out of the arma- 



FiG. 42. ?IG- 43. 

ture. In Fig. 39 it is the upper brush as marked. In a machine 
which ia delivering 50 amp., half of this flows through each side of 
the winding, 25 amp. from each side uniting and flowing out 
through the positive brush and on to the circuit. 

The proper place for the brushes has been indicated. This is 
on a perpendicular Hue where no e.m.f. is generated. This line 
through the armature, perpendicular to the direction of the flux, 
is the neutral line. Here the brushes short-circuit coils in which 
no e.m.f. is generated. If they were moved around the com- 
mutator, less e.m.f. would be available between them, and they 
would be short-circuiting coils in which e.m.f. is generated. In 
the very low resistance of these coils large current would flow. 
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and so sparkiiig at the brushes occur. Brushes must always 
operate sparklesely, for wherever there ie sparking heat is gener- 
ated, commutator bare are cut away, and brushes are pitted out. 
The commutator and brushes are parts of a machine which are 
too expensive to permit rapid deterioration of them. 

There ia another important function of the brushes. In Fig. 
44 is shown part of the armature under discussion. If current is 
being taken from the machine it flows as here indicated. Coil A 
has the current of one side of the winding flowing in it (say 10 
amp.), and coil C the current of the other side, both currents 
flowing to unite at the brush. Now 
with the armature rotating, let coil ^ 

A move over to position B. As 
the short-circuit by the brush closes, 
B has 10 amp. in it, while as soon 
as it passes over to position C £t 
must have 10 amp. flowing in it in 
the opposite direction. In this 
small motion of the armature the Fio. 44. 

current in this coil would have to 

change by 20 amp. Here is a coil wrapped on an iron core with 
current in it. Current always produces magnetic flux and so 
this current sets up flux in the iron. When the current changes, 
flux changes too, and this will produce an e.m.f. in the coil which 
ia short-circuited in a direction to make the current persist. 
Sparking results as B passes to position C, unless some means is 
taken to reduce and reverse the current in B and have it flow 
right when the short-circuit is opened. It is mainly for this rea- 
son that carbon brushes are used in order to insert in the short- 
circuit the high resistance which such a brush has. Carbon 
brushes also wear very well on a copper commutator. 

37. Armature Reaction.— When current is flowii^ through an 
armature it magnetizes the core — sends flux through it. In 
Fig. 45 the direction of current corresponding to former diagrams 
has been marked. It will be clear that, due to this armature 
current, flux passes down both sides of the core, making the top a ' 
iS pole and the bottom a N pole. When the magnetising force 
of this current and of the field coils operate at once, the combina- 
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tion causes the resulting flux to be skewed around in the direction 
of rotation of the armature. Hence the flux is crowded into pole 
tips A and C, and reduced at tips B and D. This may be better 
understood by thinking of an analogy in section 23 of Chap. 
III. Imagine a vessel of water shaped like the ring armature 
core below. Water is streaming in at the left eide and out at 
the right. Another current is now started which Sows in at the 
top and out at the bottom. Think how the stream lines of water 
flux would be altered by its presence. Thus the neutral line 
comes to be shifted through a small angle and makes it necessary 
to shift the brushes a little to keep them at the non-sparking 




Fig. 45. 

point. This whole phenomenon Is known as armature reaction. 
In most modem machines the design is such that there are not 
many armature ampere-turns compared with those in the field 
winding, and so there is not much armature reaction even with 
large current flowing through the armature windings, A good 
modern machine with carbon brushes will operate without spark- 
ing and without readjustment of the brushes from no current 
delivered by the armature up to the largest for which the machine 
is designed. The amount of armature reaction will of course 
vary with the amount of current flowing in the armature. 
. 38. Eddy CuTrents. — Currents which circulate through a block 
of metal in such a way that it is impossible to define the exact 
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path they take or to use an ammeter to tell the amount of current 
flowing are called eddy currents. A simple example might be 
found if we consider the case of a rectangular plate of metal taking 
the pkce of the conductor shown in Fig. 35. Such a rectangular 
plate would (in position shown) have an e.m.f. generated in its 
lower edge but none in its upper edge. Current will therefore 
flow in a rather indefinite path away from the observer in the 
lower part of the plate and toward him in the upper part to com- 
plete the circuit. 

In a dynamo armature core eddy currents are set up (see Fig. 
46). Along the outer edge of the cylinder as much e.m.f. is 

generated per inch of length as 

in the wires of the winding. 

Further in, the e.m.f. is less 

since the iron there is moving 

less feet per second, and on the 

imier edge there ia no e.m.f. 

^nce eddy currents would flow 

as shown in the figure. It is for 

the purpose of eliminating these 

currents tSiat the armature core Pia. 46. 

is built of thin iron plates (has 

a laminated core) which are insulated from each other. If the 

thickness of a disc is halved, the e.m.fs. generated are cut in 

two and the resistance of the path for the current increased; in 

fact, it can bo proved that for thin discs halving the thickness 

cuts down the eddy-current loss to quarter its former amount. 

39, Amount of E.m.f. Generated.— The e.m.f. which an arma- 
ture generates is determined by the rate at which the wires cut 
flux; that is, the flux cut per second. If a wire cuts flux at the 
rate of 100,000,000 lines per second, 1 volt is generated. As a 
wire moves through a mt^netic field the rate of cutting flux 
might vary for every position the wire took, and so its e.m.f. be 
very variable. In the case of an armature like that which has 
been described the e.m.f. in a given conductor changes as the 
armature revolves. If there are not many conductors, or if 
the number of cotnmutator bars are few so that as the machine 
runs there may be different numbers of conductors generating 
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e.m.f. for different positions of the armature or a varying resist- 
ance from brush to brush, a pulsating e.m.f. may be secured. In 
practical cases the pulsation is very slight indeed. 

If. <E'' is the amount of flux through the magnetic circuit of a 
two-pole dynamo, any wire cuts this twice in a complete revolu- 
tion of the armature. If the armature makes n revolutions per 
second the flux cut in a second by a conductor ia 2*n, Hence 
the average e.m.f. generated in one conductor in volts is 

2*n 

° 100,000,000 

If the armature has on it c conductors which cut flux, c/2 of these 
in series produce the whole e.m.f. of the machine. Hence the 
e.m.f. of the mactine would be 

E.m.f. of tw(^pole dynamo = ioo;o-oo_ooo X | 

'^ 100,000,000 

for no matter in what position the armature stands there. are 
conductors generating every possible value of e.m.f., and so the 
average e.m.f. of one multiplied by the number in series gives 
the steady e.m.f. of the machine. 

This formula enables one to solve many practical problems and 
is equally valuable to show that increasing flux, or turns of wind- 
ing or speed of machine are all of equal weight in increasing the 
e.m.f. of a dynamo. 

Probable magnitudes for # and c have been already given; 
n is rarely over 30 even in a small machine. 

40. Dynamo Field EzcitatioQ.^ — Advantage is taken of the 
residual magnetism in dynamo magnetic circuits to make them 
ielf -exciting; that is, to supply the current which, flowing in the 
turns of their own field windings, supplies the magnetic flux of the 
machines. 

There are three types of dynamos distii^uished by the con- 
nections of field windings — shunt, aeries, compound. These 
are shown in Fig. 47 diagrammatically. Any one of them may be 

' A letter u( tbc Greek alphabet, proauunccd "fee" 
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used on any of the magnetic circuits shown in Fig. 30 or on any 
other forms. Should the end of the shunt field winding on the 
compound-wound field shown connected at o be removed and 
connected at 6, the machine would be called a compound dynamo 
with long-shunt field connection. As shown it is a compound 
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dynamo with short-shunt field. In practice a field rheostat is 
always included in the circuit of the shunt field. By means of 
this the current in the shunt field can be regulated, the flux in the 
magnetic circuit changed, and so a control of the dynamo e.m.f. 
be secured. Fig. 48 shows more fully than the diagrams the 




Fia. 48. 



arrangement of field connections. It shows a shunt dynamo 
equipped with field rheostat. 

A shunt field winding has comparatively little current through 
it and this flows through a very great many turns of wire. A 
series field winding has a few turns of large wire, but the whole 
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dynamo current goes through it. A compound field winding has 
both ehunt and series windings on it, each with its distinctive 
construction. Current is made to flow in them in such direction 
that the ampere-turns of both windings assist each other in 
producing flux. 



Fia. 49. 

The field coils are sometimes wound on spools and sometimes 
are simple-formed coils held in form by wrapping of tape. Figs. 
49 and 50 show field coils of each of these kinds. The heavy strip 
shows the terminals of the series winding; the fine wire or binding 
post connection shows the shunt field terminals. Each of these 



Fig. 50. 

field coils shown must be for a compound dynamo since it has 
both shunt and series coils in it. It is common practice to put a 
coil of series winding at every point on a magnetic circuit where a 
ahunt winding is placed. 
The wire for shunt field coils is copper magnet wire insulated 
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with cotton (see section 34), often single cotton-covered. The 
series winding is often of strap copper and may be also insulated 
the same way. 

QUESTIONS AND PROBLEMS 

1. Here is a uniform magnetic field- The dots represent the ends 
of lines showily that the magnetic flux comes straight up out of the 
paper, ab is a conductor which is moving in the direction shown by 
the arrows. Its ends are kept connected 
through a. resistance R. In what direction 
is the generated e.m.f.? Will current flow 
in the circuit? Which way? Woulda volt- 
meter connected from atob show a reading? 
When the moving wire has passed beyond the field so that resistance £ 
is on one side and the moving wire on the other, is there any e.m.f.? 

% A certain two-pole machine with ring armature winding operates 
with separately excited field. How will the polarity of the brushes 
be aSected (a) if the direction of rotation were reversed? (6) It 
the field current were reversed? How will the amount of e.m.f. be 
altered (c) if the speed is halved? (d) If the field current is doubled? 
How will the e.m.f. be affected (e) if a set of bruehea (positive and 
negative) is placed on the commutator at the neutral position? 
(/) If this set of brushes is swung around the commutator from the 
neutral position, but always keeping on a diameter? 

3. A bipolar dynamo has a ring-wound armature, with the coils 
properly connected to the commutator, to generate a continuous 
current. There are 200 turns of wire on the armature and 6,250,000 
magnetic lines through the armature. When the armature revolves 
at 1200 T.p.m., what number of volts are generated in the armature? 

4. A certain two-pole dynamo with ring armature has 84 com- 
mutator bars and 10 turns per coil of winding. It is running at 
1800 r.p.m. and generating 250 volts. How much flux must be 
coming out of the N pole? (Use the e.m.f. formula and get instruc- 
tions for transposing letters so 4 stands alone on the left-hand side.) 

5. A separately excited dynamo is running so its generated e.m.f. 
is 125 volts. There is a rheostat in series with the field in which 20 
per cent, of the 125 volts available for field excitation is used up. 
The resistance of the field is 25 ohms. What change in the e.m.f. 
if the rheostat is cut out? 

8. A shunt dynamo has been working with 6000 turns in the field 
winding and IK amp. through them. It is proposed to rewind 
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the field coils of the machine so that aa a series dynamo under full 
load of 375 amp. the same volts as before will be generated. How 
many turns should be put into the winding? 

T. A certain short-ahunt compound dynamo has 2200 turus in the 
shunt field winding and 20 tuma in the series winding. Before the 
. main circuit is closed 3 amp. flow in the shunt winding. At full load 
there are 3.2 amp. in the shunt winding and 150 amp. in the series 
winding. How doea the strength of the m^netic field at full load 
compare with that at no load? Neglect saturation effects. 

8. A certain dynamo has IIO volts at its terminals when delivering 
200 amp. If the armature resistance (from + to — brush) is 0.011 
ahtu, how many volts e.m.f. is it generating? 
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CHAPTER V 

DRUM ARMATURES AND MULTIPOLAR MACHIHBS 

41. Dnim Annature for Two-pole Machine. — The winding for 
a two-pole dynamo ia put on a core like that of the upper part of 
Fig. 38. The winding ia done in two layers and the method of 
placing it and of making the connections can be determined by 
noting the markings of Fig. 51, and following the tabulation 
below. Each coil is shown as of one turn. The number of turns 
actually used is always enough to entirely cover the armature 
with at least two layers of winding. 



Bht 



Coil No. 1 
Coit No. 2 
CoU No. 3 
CoU No. 4 
CoU No. 5 
Coil No. 6 



1 up to a back and a 

2 up to c back and ai 

3 up to « back and a 

4 up to back and a 

5 up to i back and a 
e up to J: back and a 



B to 6 around to 2 
s to d around to 3 
le to / around to 4 
a to A uround to 5 
IS to J around to 6 
IS to I around to 7 



The first layer of winding is 
now in place and the arma- 
ture surface is covered. Con- 
nections to one side of the 
commutator are entirely com- 
pleted. The coils have been 
wound across a diameter but 
have in other respects been 
connected as for a ring arma- 
ture. The second half of the 
winding is put on thus: 
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Bur Winding Bar 

Coil No. 7 7 up to m back and across to n around to 8 

Coil No. 8 8 up to n back and across to p around to 9 

Coil No. 9 9 up to i; back and across to r around to 10 

Coil No. 10 10 up to s back and across to t around to 11 

Coil No. 11 11 up to u back and across to t> around to 12 

Coil No. 12 12 up to ui back and across to x around to 1 

A complete closed winding is thus finiahed. Every coil has 

e.m.f. induced io it except No- 1 and No. 7. The neutral line for 

this armature is on a vertical line and the proper position for the 

brushes will be with one resting where it will short-circuit the 

eoil between bar 1 and bar 2, while the other short-circuits the 

eoil between bars 7 and 8. It then follows that the full voltage 

of the machine is found between coils in the two layers which lie 

immediately over one another. 

On this account careful insula- 

tion of one layer from the other 

/ must be made. If in Fig. 51 

/ we assume that a full winding 

^ I is shown and that 2 volts are 

\ generated in each wire except 

in coils ab and mn, the machine 

produces 20 volts and supplies 
PiQ 52_ current through two parallel 

paths. The direction of e.m.f. 
is indicated in the various conductors for this armature (Fig. 
52) by using the common convention that a dot shows an e.mJ. 
directed out toward us (the point of an arrow), while a cross 
indicates an e.m.f. directed away from us (the tail of an arrow). 
Noting again the way in which the coils are connected it will be 
seen that the upper brush will be positive and the lower negative 
for the direction of rotation marked. 

For drum armature windings it does not always follow that the 
line on which the brushes are placed should coincide with the 
neutral line of the winding. In Fig. 53 is shown a method of 
making commutator connections quite as good as the one of 
Figs. 51 or 52, but in this case the proper position for the brushes 
where no armature reaction is present will be on a horizontal line 
XY,aa marked. 
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The two-pole drum armature winding now described would 
only be found on very small machines; and then it would be on a 
toothed armature core. Since multipolar drum armatures are 
in almost universal use, no more space will be given to a dis- 
cussion of the winding for a two-pole machine. 




Fia. 53. 



12. Toothed Annatute Core. — A toothed armature core is 
built up of sheet-steel discs in the outer periphery of which 
teeth have been cut. The armature windings are placed in the 
Blots which are almost invariably straight sided and the same 




MM 



Fig. 64. 
width from top to bottom. This makes the teeth tapering 
toward the roots. Different forms of teeth in regular use are 
shown in the lower part of Fig, 54, Some of the main advantages 
of toothed armatures are the following: 
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(a) A toothed armature Ja a much better mechanical etructure 
than a smooth core armature. 

(i>) With multipolar machioes, cheaper labor caa be uaed in 
constructii^ the armatures, and repairs are relatively easy. 

(c) Every coil can be exactly like every other; and they can 
be separately constructed before the winding is put on. 

(d) By careful design of the teeth with reference to the flux 
intensity permitted in them, the effects- of armature reaction 
can be minimized. 

A toothed armature core, ready to receive the coils of wind- 
ing, is shown in Fig. 60. In such machines as this the core plates 



Fig. 55. 

do not come near the shaft; they are supported as shown in the 
lower part of F^. 38, although this does not show well in Fig. 60 
on account of the projecting end discs which are designed to 
support the end connections of the winding. 

Fig. 65 shows this somewhat better. When the armature 
core is constructed this way the spider is made of cast iron and 
in all the best machines there is a projection cast on the hub for 
the purpose of supporting the commutator. This makes the 
whole armature and its connections a separate whole which can 
be removed from the shaft if desired. Fig. 55 also shows how 
the core is arranged so abundant air circulation can take place 
when the armature is running. This is an important aid in 
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cooling it (next chapter explains cause of heating). In Fig. 60 
the two dark lines in the body of the core show where ventilating 
ducts have been left through the core stampings. 

43. Multipolar Dnmi Annature Lap-winding;. — Fig. 56 shows 
an outline of a drum armature in a four-pole field. On it 
are placed some conductors marked with the direction of e.m.f. 
induced in them for polarity and direction of rotation shown. 
A dot means e.m.f. directed toward the reader; a cross, the e.m.f. 
directed away from the reader. It will be noted at once that if 
they are to be cross-con- 
nected to form coils, the 
span must be only one- 
quarter of the armature cir- 
cumference in order that the 
e.m.f. generated in the two 
sides of a coil shall always be 
in series around the coil; and 
also in order that there are 
positions where there is no 
e.m.f. in a coil and it can 
be short-circuited. The 
loops ab or cd generate e.m.f. 
so that what is produced in 
one side is added to that of 
the other, while loop ef has no e.m.f. in it, and so could be 
short-circuited. 

Fig. 57 shows how a lap-winding is arranged. It is wound in 
two layers. The back connections are not shown; but A and A' 
are the two sides of the same coil and this method of marking is 
used for every coil shown in the diagram. Starting from com- 
mutator bar 1, a coil can be wound by going to conductor A, 
around on the back and through A' down to bar 2. If more , 
than one turn per coil is used, after passing through one, return 
to A again and continue until the required number of turns are 
.in place; then connect the last end to bar 2. The coils which 
are used for such a winding are formed coOs, samples of which are 
shown in Fig. 58. The ones shown have three complete turns per 
coil of double cotton-covered wire, wrapped with cotton tape to 




Fig. 56. 
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form the coil, and afterward varnished or impregnated to keep 

moisture out. The projecting ends for commutator connections 
have cotton sleeving over them to reinforce the insulation there. 
A careful inspection of these coils and of Fig. 61, in which a 
number of such coils are shown in place, will show how one 
side of each coil (the left in this case when facing the commutator) 
goes in the top layer of the winding and the other Bide in the 
bottom layer. By this plan all the coils are exactly alike and 
the crossing of end connections is easily and neatly arranged, 
A winding of the sort shown in Fig. 61 with end connections 
carried straight out rather than cranked down toward the shaft 
b called a barrel winding. 



Fig. 57. 
In Fig. 57 the coils are put on according to the following plan 

Bar Winding Bai 

Coil No. 1 1 front connection back and across forward and 

over to A at rear to A' down to 2 

Coil No. 2 2 front connection back and across forward and 

over to B at rear to B' down to 3 

Coil No. 3 3 front connection back and across forward and 

over to C at rear to C down to 4 
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This continues until the armature is filled with coila and 
the last coil end connects to bar I. In putting the last coils in 
place sides A, B, C, etc., have to be raised out of the way white 
the lower layer is finished. They can then be pushed back into 
place. There will be as many slots as coils and the same number 
of commutator bars. 

It should be noticed how the ends of every coil end on ad- 
jacent commutator bars and that each succeeding connection 
laps back over those put down before. In winding an armature 



Fia. 58. 

none of the commutator connections are made until the whole 
winding is in place. They are then taken in regular order and 
soldered to the commutator bars. 

After passing through one-quarter of the coila on the armature 
the e.m.f. reverses. In the armature of Fig. 57 the coils in series 
from commutator bar 3 to 8 are generating e.m.f. all one way— 
from 8 toward S. At 2 volts per wire, 20 volts are generated. 
Coil HH' from bar 8 to 9 generates nothing and then the e.m.f. 
reverses. We saw in a two-pole machine that this is the place 
where a brush should stand. A — brush then belongs at the 
place where bars 8 and 9 are short-circuited. By similar reasoning 
it will easily be seen that there are four brush positions on the 
commutator. Turning now to Fig. 59 which represents the same 
armature again but with winding detail omitted, we know that 
brushes A and C are negative and B and D are positive. We 
also know that wc can join brushes B and Z>; for the volts from 
C to J5 (in the winding) are equal and opposite to those from C 
to D; and those from AtoB are equal and opposite to those from 
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A \x> D. Hence no current could flow in this cross-conneetion. 
For a similar reason A and C can be joined. This having been 
done, F and G become machine terminals between which 20 
volta ejn.f. is derived. Current delivered by the dynamo flows 



Fia. 59. 

through four parallel paths in the winding, Coming in from the 
outside circuit to F the current divides, half passing to A and 
half to C. At ^ this redivides into equal portions, each quarter 
of the whole, one portion passing through quarter of the winding 



toward D, and the other portion passing through another quarter 
to B. The other paths are easily traced. 

A multipolar lap-wound drum armature winding always has 
as many paths through the armature winding as there are poles. 
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and usee as many brushes as poles. The brushes are placed at 
even intervals around the commutator, positive brushes alternat- 
ing with negative. All the positive brushes are cross-connected, 
and all the negative brushes also. 

The armature winding described above is by no means the 
only arrangement of a multipolar drum armature lap-winding. 



In a practical machine many more coils could be placed on a 
core containing more slots. Sometimes different spacing for 
coils is used. Sometimes more than two sides of coils are placed 
in the same slot. Sometimes commutator connections are 
differently managed. But if the winding herein is well under- 
stood, others will be recognized as aimple modifications. 



44. Frame and Bearings. — Fig. 63 shows the machine com- 
plete, ready for use. Here the lower half of the magnet frame 
is cast in one piece with the base frame and pedestal bearings. 
The rails and adjusting screws to allow adjustment to suit the 
stretch of the belt as it runs on the puUey, are shown in place. 

One of the important mechanical features of a dynamo is the 
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bearing and ailing device. A bearing simUar to that in Fig 64 is 
used on all dynamo machines. Note the cast-iron caung built 



to receive the bearing proper, which is a spherical seated one. 

That is, it is made with a segment of a spbere turned on its 
middle portion and this rests 
in a corresponding seat. At 
each side there is a slot in 
which hangs a light brass ring 
which dips in the oil reservoir 
below and by rolling on the 
shaft as it rotates brings up a 
constant supply of lubricating 
oil. An oil gage to show the 
he^t of the oil appears on the 
pedestal. The bearing cap is 
omitted in the cut. 
Fig. 64. *&• Multipolar Drum Arma- 

ture Wave-winding. — ^Another 

form of drum armature winding in common use, must be briefiy 

described. 
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In Fig. 65 is an outline of a multipolar wave-winding for a 
four-pole dynamo. In some respects this winding is precisely 
tike the lap-winding described in the last section. Formed coils 
are used, and the winding is in two layers. The forms of the 
coils are different, however, as may be seen by inspection of Fig. 
66, where coils with three different sorts of end formation are 
shown. When more than one turn per coil is used, the ends leave 
the coil along its sides and not as shown for coils forming part 
of a lap-winding in Fig. 58. Inspection of Fig. 65 will show why 



Fig. 66. 

this is done and what is the nature of this winding. A coil would 
be started from commutator bar 1, then pass up to A, through 
the slot and across on the back to A' (lower layer), back to A 
again and so continue until the proper number of turns were 
wound, the last end being taken from A' to commutator bar 
12. From here we go to a coil laid in from B to B' with its last 
end connected at bar 23, next to the one from which we started. 
The winding goes on continuously in the same way and it may 
be traced out from the diagram or followed by the aid of this 
tabulation: 
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n the back to A' forward and down to 12 
n the back to B' forward and down to 23 
n the back to C forward and down to 1 ) 
n the back to D' forward and down to 22 
n the back to E' forward and down to 10 



CoU No, 1 1 to A a< 
Coil No. 2 12 to B a. 
Coil No. 3 23 to C ft. 
Coil No. 4 II to D a. 
Coil No. 5 22 to B ai 

etc. etc. 

After passing through all the coils the last end reaches bar 1 from 
which we started. If an investigation were made of the direction 
of the e-m.f. in all the wires cutting flux it would turn out that 




by this method of winding half the winding must be passed 
through before a place is reached where the e.m.f. reverses. That 
is, if we start from commutator bar 5 we will have traversed half 
the coils generating e.m.f. in series when we reach bar 11, and 
passing on through the coils will reach bar 5 again as the other 
half of the winding, and its e.m.f. is passed. Hence we place a 
brush at bar 5 and another at bar 11. No more are required. 
It is impossible to short-circuit any coils in the winding shown 
without involving some e.m.f. in the short-circuit connection. 
This would not bo true for an armature built with two or three 
times as many commutator bars and coils. 
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This winding carries half the maia current in each of two 
parallel paths through the armature (compare the lap-winding) 
and generates twice the e.m.f. of the other if wound with the same 



coils. Fig. 65 shows an armature with 23 coils and commutator 
bars. For a four-pole dynamo the number of commutator bara 
is always odd. 
Fig. 67 shows wave-wound armatures with a few coils in 



Fig. 68. 

place. The upper part of the figure shows coils similar to those 
of Fig. 66. The lower one shows a winding with only one turn 
per coil. Fig. 68 shows completed wave-wound armatures in 
which the coils are so formed that the rear cross-connections are 

Joogle 
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cranked toward the shaft. Fig. 69 shows one with a barrel 
winding. 

If desirable there may be as many brushes as poles with this 
type of armature. This does not alter any of the connections or 
the flow of current. For, suppose a brush is placed on bar 15 
and cross-connected to one on bar 5, through this cross-con- 
nection there ia only a short-circuit placed on a coil (P to P') 
not generating any e.m.f. Hence brushes may be placed and 
cross-connections used as for lap-windings if desired. Some- 
times they are, sometime not used. 



FiQ. 69. 

16. General Features of Drum-windings. — For all drum 

armatures the facts explained fully in the previous chapter about 
location and function of the brushes, neutral line, and armature 
reaction, hold as true as for ring armatures. The neutral line ia 
determined the same way, as the place in the winding where no 
e.m.f. is generated; and for multipolar machines it becomes a 
line midway between adjacent pole tips, all the way around the 
armature. 

The formula of section 39 for the amount of e.m.f. generated 
in a ring armature winding holds good for a multipolar drum 
armature with lap-winding if $ stands for the fiux -out of any 
single North pole. For a multipolar wave-wound drum armature 
a simple adaptation can be made. 
Thus for a 4-pole machine: 

The average e.m.f. generated in one conductor in volts is 

p _ 4*^ 

100,000,000 
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The number of conductors in series is ^ f*>' ^ wave winding 
and 80 

e.m.f. of dynamo = jooooooOO ^ f 

2# CTt 

~ 100,000,000 

QITESTIONS AND PROBLEMS 

1. A drum armature in a tw[>-poIe field has 6 turns per coil, 52 
commutator bara, a flux of 1,600,000 lines, and is running at 1050 
r.p.m. How many volts will be generated? 

i. A small Westinghouse bipolar drum armature has 50 slots. In 
each one are 8 wires. The normal speed of the machine is 2100 
r.p.m. and flux through the armature 835,000 lines of force. How 
much e.m.f. is generated? 

8. A maker uses the same armature core for a 125-, 250-, and 500- 
volt machine of the same capacity. To generate 125 volts 144 turns 
of No. 8 wire are used. What number of turns (and if possible what 
size wire) for 250 volts to be generated? For 500 volts? The field 
winding and current are supposed to sta.y unaltered. 

4. In a certain position, while revolving at normal speed and on 
account of an uneymmetrical winding, a drum armature in a two-pole 
field has 110 volte generated in one side when 105 volts are generated 
in the other. There are 250 ft. of No. 10 wire on ths armature. Will 
any current flow when none is being delivered to an outside circuit? 
Make a calculation. 

6. A certain armature for a four-pole field has a drum-winding. 
How could this be determined by observation? It haa 115 com- 
mutator bars. What sort of drum-winding must it be and how many 
sets of brushes would you expect around the commutator? 

6. A certain armature when examined ia found to have 104 com- 
mutator bars and 62 slots in the toothed core. Explain how this 
could be for a drum-winding to be used in a four-pole field. Upon 
examination it is found to have a double layer winding. Is this 
practical? If there are 2 turns per coil, how many wires are there in 
each slot?' 

7. Make two diagrams showing in outline in each a cyhndrlcal 
armature large enough to draw some coils in place as in Fig. 56 and 
place the poles around each armature. On one draw in 3 or 4 coils 
of lap-winding with commutator connections so placed that the 
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brush positions will be opposite the center of the poles. On the other 
draw the connectione so brush positions will be opposite the spaces 
between the poles. Mark a proposed direction of rotation and the 
+ bru8he8. 

8. A four-pole dynamo has a multipolar lap-wound drum armature. 
160 amp. flows from the armature to field winding and outeide circuit. 
How much current is flowing in each wire of the winding? How 
much would it be if the winding had been multipolar wave-wound? 
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CHAPTER VI 
ELECTRIC HEATIHG. ELECTRIC POWER 

47. Energy. — Energy ia defined as internal or inherent power; 
the capacity of acting, operating, or producing an effect whether 
exerted o> not.' In engineering applications it is understood 
that anything has energy if it has the ability to do work. Energy 
really means the same whether applied to animate or inanimate 

Suppose a weight is lifted. Work is done on it — it haa in 
this way acquired the ability do to work, A falling weight can do 
work we know. A simple example is a weight driving the works of 
a cloclc, the mechanism being kept under restraint by a pendulum. 
In any case a falling weight does work in falling. Thus, if it 
were to fall on some lumber, smashing it, work is done as much 
as if, in falUng, machinery had been driven which would saw it up. 

The energy which a weight has because of its location and 
which it delivers by falling, is mechanical energy. There are a 
number of other forms of energy which are mentioned later 
(section 51). 

48. Force,— The weight referred to in the last section exerts 
a force whether moving or not. A force is that which, acting on 
a material body, moves it or tends to move it. If a weight were 
hung on a spring balance the balance would show some reading. 
If we hook the same balance to something stationary and puli, 
it can he made to show the same reading. As this is done by 
exerting force, the weight also exerted a force measured by the 
reading of the balance. The force exerted (the pull of gravitation) 
ia the number of pounds the object weighs. 

19. Work. — In every case when force acta through distance 
work is done; and the work done iW) is the product of the force 
(F) by the distance (s). 

W =Fs 

' Wcbgter'a iDtcrnational Dictionu; . 
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The amount of work done is measured in a unit known as the 
foot-pound (ft.-Ib.). If a weight of 50 lb. is raised 10 ft., 50 X 10 
~ 500 ft.-lb. of work have been done. The aac^e amount of 
work is done in lifting 500 lb. 1 ft. 

A large number of practical examples can be suggested illus- 
trating work doae in this way. Any elevator or hoist, a pile 
driver, an ordinary block and tackle, are appliances for doing 
work this way. 

It b not necessary to lift weights in order to do work. Suppose 
we have a locomotive pulling a train of cars. A spcing balance 
(caUed in such case a dynamometer) set in between the locomotive 
and the cars would show a pull of a good many pounds (the draw- 
bar pull) as the cars were pulled along the track. This is the 
force the locomotive exerts on the train. The product of the 
pull on the dynamometer by the number of feet the train was 
pulled would show the work done by the locomotive in pulling 
it over this distance. 

A Pullman coach weighs some 60 tons. A train of five of them 
make up a train. It takes some 10 lb. per ton to pull cars over a 
level track. The dynamometer between locomotive and cara for 
this train would show 3000 lb. force exerted. In running a mile the 
work done would be 

W - 3000 lb. X 5280 ft. = 15,840,000 ft.-lb. 

The work done in any operation is independent of the time 
spent in doing the work. It makes no difference in the above 
example whether the locomotive is running 10 miles per hour or 
60, the work done is ^e same. 

60. Power, — By power we mean the rate of doing work; that 

is, the rate of spending energy. 

„ work energy 

Power = T- — or -7=- ^^ 

time time 

Hence power is measured by foot-pounds per minute or per 
second. The rate of doing work is 1 hp. when 33,000 ft.-lb. are 
spent per minute. 

Taking the example in small print in the last section, suppose 
the PiUIman train there mentioned was carried over the mile at the 
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rate of 15 miles per hour. It would take 4 min. to make the distance. 

15 840 000 
power developed = — '—^ — = 3,060,000 ft.-Jb. per minute 

3.960,000 ,„„ . 

"' -M;ooo--i2ohp. 

If the train waa running at 60 miles per hour, or a mile a minute, the 
power developed would be 

15,840,000 ^„„. 
P"*^ = -33:000- - *8*"'P- 
SI. Tnnsfonnatioii of Energy. — There are various fonns of 
energy. Some are stated below along with an example of a piece 
of apparatus which uses it. 

(o) MeckanicaL — A pile driver, by means of which a falling 
weight does work. 

(b) Heat. — A steam engine, by means of which the heat energy 
of steam is made to drive machinery. 

(c) Chemical. — A cannon, by means of which the energy of 
chemical combination of gun powder is made to drive a projectile 
through a target. 

(d) Electrical. — An electric motor, by the operation of which 
industrial proceBses are carried oo. 

' Each of these forms of energy can be turned into any one of 
the other forms. In practical tranaformations it ia impossible 
to have all the energy of one kind transferred into another kind. 
Some loss always accompanies the transformation. For example, 
the chemical combination of gunpowder not only furnishes 
mechanical energy to drive the projectile through a target, but 
furnishes enei^y to heat the products of the combination and the 
gun, and to produce the report at discharge. 

A very definite relation has been established experimentally 
between, mechanical' and heat energy. A definite relation also 
exists between electrical eneigy and heat energy. It is im- 
portant at this point to secure definite ideas about heat in order 
to make these relations clear. 

62. Temperature. — The use of the word temperature is so 
common that no fornial definition need be given. If a body is 
warmed we speak of ite having a higher temperature, and can 
measure this by a thermometer. 
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The ordinary thermometer uses the expansion due to the heat- 
ing of Bome liquid in & glass tube of uniform bore to indicate 
temperature. The Fahrenheit thermometer has a mark put 
at the height of the expanded liquid when immersed in boiling 
water, and one at the height of the liquid when immersed in 
melting ice. The upper mark is called 212 degrees and the 
lower 32 degrees; the space between is divided into equal inter- 
vals to show intermediate temperature. If desired, marks below 
32 degrees at the same intervale are put on the tube to mark 
lower temperature. 

The Centigrade thermometer has 100 degrees put at the boiling 
point'of water and degrees at the melting point of ice. It is 
used a good deal in temperature measurements connected with 
engineering work. Twenty degrees Centigrade (C.) is about the 
same as 70 degrees Fahrenheit (F.). 

Temperature Cent. = % (temperature Fahr. —32). 
Temperature Fahr. = % (temperature Cent. +32). 

53. Heat — When the temperature of any body is raised we 
knowithasbeenheated;thatis, heat has been given to it. Bodies 
have temperature because they contain heat. Heat can be given 
to a body by conduction (as when an iron bar is heated by being 
placed in a fire), by radiation (as when an abject near a furnace is 
heated even though air currents are directed from it toward the 
furnace), or by convection (as when a crucible is heated by the 
gases of combustion which carry their heat to the crucible as they 
pass to the flue of the furnace). 

If two vessels exactly alike were placed near a source of 
heat so that the radiation to both would be the same and 
filled one with water and the other with bird shot at the same 
temperature, after a time the shut would be warmer than the 
water. This shows that the same amount of heat will not raise 
the temperature of different materials the same amount. A 
pound of water takes more heat to raise its temperature 10° 
than a pound of lead. 

Putting heat into a body does not necessarily raise its tem- 
perature. Thus, if water is heated the temperature rises until 
boiling begins; and then no further rise in temperature occurs while 
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heat is continually supplied. This is because the water is under- 
going a change of state, passing from water to steam, and this 
requires considerable addition of heat. These things are men- 
tioned in order to aid in making clear the relations between heat 
and temperature. Heat and energy have direct relation; heat 
is measured mainly by temperature obaervations. The unit of 
heat is the amount which is required to raiae the temperature 
of one pound of water 1°F.'' It is known as a British thermal 
unit or B.t.u. If we had 100 lb. of water and were to heat it 
from 50° to 212°, (212 - 50) X 100 = 16,000 B.t.us. must be 



61. Mechanical Equivalent of Heat — It is a matter of common 
observation that heat and work are easily converted into one 
another. If we rub a steel tool on a grindstone the tool gets hot. 
The work we are doing is being transformed into heat. A steam 
engine takes steam at a high temperature (say 300°F.), and having 
used it to do work exhausts it at 212°F. The heat of the steam 
has been transformed into work. Careful experiments have 
shown that 778 ft. -lb. of work must be done to produce 1 B.t.u. 
or, conversely, that the expenditure of 1 B.t.u. of heat can produce 
778 ft.-lb. of work. Most prime movers are heat engines by means 
of which heat is converted into mechancial work. 

65. Efficiency. — ^As already stated (section 51), a transfor- 
mation of energy is never effected without loss. The loss of 
energy is often in the form of heat. Take any piece of machinery 
designed to perform some useful work, and a large amount of the 
work done is spent in driving the machine itself— against its own 
fnctional resistance, as we say. A considerable expenditure of 
power is required simply to drive the machine when it is running 
empty, that is, without doing any useful work. The energy spent 
is lost in heat at rubbing surfaces — teeth of gear wheels, in bear- 
ings, where belts rub on pulleys, etc. Some rise of temperature 
at each such place results, which does not usually become serious, 
since radiation and conduction pass this heat on as it is produced. 

1 Them aie other heat units; the one here siven ia that used moetly in mechanical 
engiiiecriiis irorli. The nader ahould not attempt soy genersl application of it to 
nameriual problema iuIha he has a murh wider knowledse of the lubjeet than hero 
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The efficiency of any apparatus is the ratio of Ike energy 
delivered by it to the energy supplied to it, expressed in per cent. 

„ „ . enei^y delivered by it ,, ,„„ 

Hence, effioency = — — — .t-.- ,- ' .. X 100 

' ■' energy auppbed to it 

energy delivered 



' enei^y delivered + the iosses in the machine 



XIOO. 



To illustrate this further, consider the usual set of energy 
transformations found in the ordinary central station lifting 
system. Start with the heat produced in a steam boiler furnace 
by combustion of the fuel. About 30 per cent, of the heat passes 
up the chimney and ia lost by radiation. Seventy per cent, is, there- 
fore, the efficiency of energy transformation from heat of com- 
bustion to heat of high-jwessure steam in the boiler. The steam 
passes from the boiler through pipes to the steam engine. In 
them 10 per cent, of the heat is likely to be lost by radiation from 
the pipes. The efficiency of the pipes then is 90 per cent. The 
steam passes on into the engine where a small part of the heat 
energy is transformed to mechanical energy. Only a small 
part is transformed because the steam must pass through the 
engine as steam, while a very large amount of heat is required 
to change water to steam in the boiler, none of which heat can be 
made use of. Say 92 per cent, of the heat delivered to the engine 
is lost in this way or it has an efficiency of 8 per cent. Not all 
of the mechanical energy produced in the engine can be passed 
on to the dynamo it drives, for the engine has bearings in which, 
in spite of lubrication, some heat is developed, and so energy is 
lost. The engine may have an efficiency of 95 per cent. By 
driving the dynamo the engine supplies mechanical energy which 
is converted into electrical energy (see next section) and some 
of this is lost by heat developed in the dynamo. The dynamo 
may have an efficiency of 92 per cent. Current flowing out into 
the wires on the way to lights beats them, and a loss of energy 
occurs; the line may have an efficiency of 90 per cent, or more. 
In an electric light from 92 to 95 per cent, of the electrical energy 
supplied is lost in heating the source to incandescence and so its 
efficiency as a light producer is only 6 to 8 per cent. Putting 
this whole thing together, the efficiency of transformation of the 
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energy of coal to that of light is only .25 per cent. At the same 
time we have been observii^ the nature of efficiency itself, we 
have been noting by this example how poor are our best modern 
methods of energy transformation. 

66. Heating Effect of Current — It is an experimental fact 
that a conductor through which electric current passes is warmed 
by it. A large conductor with email current flowing in it may be 
warmed bo little that the rise of temperature is very difficult to 
detect; while a small conductor with large current through it may 
be heated to the melting point. If the current in a conductor is 
doubled, the rise in temperature (measure of heat liberated) is 
much more than doubled. Careful investigation has shown that 
the heat produced by current flowing in any conductor is propor- 
tional to the resistance of the conductor, to the time the current 
flows, and to the square of the amount of current flowing. Let us 
examine each of these relations carefully. 

If we have two conductors in series (both have thus the same 
current through them) and one (A) has twice the resistance of the 
other (B), A will have twice as much heat developed in it as B. 
This does not imply that the temperature of A will rise twice as 
much as that of B. For the rise of temperature is determined by 
the amount and kind of material heated and its surroundings as 
much as by the resistance which it has. If A and B are pieces of 
the same wire similarly placed, A would have no h^her temperature 
than B even though it has twice the resistance, since to bring it 
to the same temperature twice as much heat must be developed, 
for it has twice as much material as B; it is twice as long. 

The heat produced is proportional to the time current flows, for 
it must be that if a certain current produces a certain amount of 
heat in a conductor in any one second it must produce the same 
in any other. But the temperature of a conductor through which 
current flows will not keep on rising indefinitely. As the tem- 
perature rises a greater proportion of the heat which is being 
constantly produced gets away by conduction, radiation, and 
convection; and presently, unless the conductor melts and opens 
the circuit, a steady temperature is reached. In most electrical 
apparatus conductors are so chosen that their rise in temperature 
will be quite moderate. By suitable choice of conductors it ia 
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easy to have one part of a aeriea circuit white hot, while another 
part close by is quite cool. Examples are found in any circuits 
containing lights or heating apparatus. 

The heat ptroduoed is proportional to the square of the current 
flowing. Hence, doubling the current causes four times the pro- 
duction of heat. If a certain conductor from which no heat at 
all escapes, is warmed 8° by the passage of 5 amp. for six minutes, 
then if 10 amp. flow, the rise of temperature would be 32° in the 
same length of time. 

67. Electrical Energy and Power.^The heat produced by the 
flow of current must be derived from electrical energy represented 
by its flow. If we put the general statements of the last section 
into a formula we have the following to express the electrical 
energy which is transformed into heat: 

energy = PRl 

where I and R have the usual significance of amperes and ohma 
respectively and t stands for time. Using a formula from section 
50 we can write 

energy „„ 
power = . -■ = PR 

power = IR X I 

By Ohm's law we know that E = IR. Hence 

power = EI 

In words, electric power is the product of volte by amperes. The 
unit of electric power is the watt. Hence, 

volts X amperes = watts. 

If a lamp is supplied with }i amp. at 110 volts, it is using 
110 X H = 55 watts of power. If a dynamo is delivering 800 
amp. at 125 volts, the electric power it is sending into the circuit 
ia 800 X 125 = 100,000 watts. In much commerical work the 
numbers to express power in watts become so large that another 
unit, the kilowatt, is much used. One thousand watts equal one 
kilowatt (kw.). The dynamo mentioned above under the 
conditions stated would be supplying 100 kw. to the circuit. 
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Another unit of power, the horsepower, has already been 
mentioned. A simple numerical relation connects the two. 746 
watts = 1 hp. To determine how many horsepower are repre- 
eented by 100,000 watts divide by 746. 

Power is the rate of doing work or the rate of supplying or 
spending energy. Let us seek a unit for the measurement of 
electrical -energy: 

power X time = energy 
watts X hours = energy 

The usual unit of measuremerU of ekctrical energy is the watt- 
hour. For large use of energy the kilowatt-hour ia the uoit. 

Thus, suppose a lamp using 55 watts is burned 5 hr. each day 
for 6 days; how much energy has been used? It has been in use 
30 hr. and so S5 X"30 = 1650 watt-hr. have been used. The 
thing which a central station engineer wants to know is the amount 
of energy a customer has used. This has a definite relation to the 
coal which has been burned to supply his need. It ie not of great 
consequence whether he makes use of current steadily or inter- 
mittently, over short or long periods (the maximum rate of supply 
allowed is guarded separately). Hence, the charge to the cus- 
tomer is based on a certain price per kilowatt-hour and the meter 
installed at customers' premises to register his use of energy usu- 
ally records this directly. 

G8. Dynamo Efficiency. — A dynamo is a machine for the 
transformation of mechanical to electrical power. When running 
on open circuit an e.m.f . is generated but no power is transformed. 
As soon as current flows through the armature the product of 
the current flowing by the generated e.m.f. gives the power the 
machine is producing. All of this does not reach the external 
circuit. The product of the current to the external circuit by the 
terminal difference of potential expressed in watts or kilowatts is 
called the load. 

In every dynamo the power losses make the power delivered by 
the machine considerably less than the power supplied to it. 
The various Itffises may be considered separately. 

1. The winding loaaee. The power gone in heating the armature 
winding, and the field winding. That for the armature, for example. 
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would be calculated by multiplying the armature resistance hy the 
square of the current flowing there. 

It is to keep the field-winding lose small that the shunt field has so 
many turns of small wire which keep down the amount of current 
flowing; for precisely the same reason the series field is made of heavy 
conductor of very low resistance. 

2. The heat loss in brushes and connections and terminals. Current 
flowing through them causes a loss of power; the liberation of heat 
sometimes causes a large rise in temperature. 

3. The mechanical friction loss; the power gone in bearing friction, 
brush friction on the commutator, and windage of the armature (the 

fanning effect due to irregular surfaces and 
. forced ventilation). 

4. The hysteresis loss. The iron core of 
the armature as it rotat«a experiences a 
' change in the direction of flux through it. 
In Fig. 70 at a and b small arrows stand for 
1 molecules. In successive diagrams the 
. positions of these molecules are shown. It 
. will be clear that each molecule through 
which flux passes from the N to the S pole 
rotates, in the case of a two-pole machine 
' making one rotation for each revolution of 
Fig. 70. the armature. This causes internal molec- 

ular magnetic friction and generates heat. 
The amount varies with the kind of iron used and the flux intensity. 
5. The eddy-current lose. The cause of these currents and the 
way they flow baa already been shown in section 38. Such currents 
flowing generate heat (.I'B) and raise the temperature of the arma- 
ture. They are likely to be found in every metal part of the armature. 
The teeth of a toothed core, however, shield the conductors from hav- 
ing eddy currents generated in them. , 

The efficiency of a dynamo alters with the load it carries. This is 
because some of the losses are constant for all loads and therefore 
relatively large on light load. The efficiency varies with the size 
of a dynamo. A small machine with a 1-kw. capacity is not likely 
to have an efficiency greater than 70 per cent. A 100-kw. ma- 
chine may have an efficiency as high as 92 per cent. 

B9. Dynamo Capacity. — Every machine is marked for a certun 
power development. The amount of energy it can transform 




i=,GoogIe 



Oiap. VI] ELECTRIC HEATING. ELECTRIC POWER 83 

involves the length of time it is kept operating. This power . 
development is based on the heating and sparking limit of the 
machine. A machine is said to have reached its heating limit 
when the heat produced in it has raised its temperature BO that 
any greater heating (resulting from more current flowing) would 
endanger the machine, due to scorching the insulation or unsolder- 
ing of connections to commutator; in short, produce a risk of 
"burn out." In common practice the heating limit is set at 40*'C. 
rise in temperature above that of the surrounding air. A dynamo 
is expected to operate continuously, developing the power marked 
on the name plate without a rise of temperature more than this, 
unless it be at the commutator where 5° more may be exi>ected. 
The sparking limit is reached at some current or other. If this is 
exceeded there is bound to be sparking at the brushes. A good 
dynamo, with brushes properly set, will not reach the sparking 
limit for the load which indicates the heating limit, while with 
26 per cent, overload and readjustment of the brushes for this in 
the direction of rotation, the sparking limit will still not be reached. 

In connection with the above it should be understood that if 
sparking can be avoided, a dynamo might be operated for an hour 
or two at a large overload and the rise in temperature of its parts 
be no greater than that which results from continuous operation 
at full load. Stwting cold, it takes some time even under ab- 
normal conditions to reach a high temperature. 

60j^^l^cttic Heating. — The heating effect of current is made 
useful in many pieces of apparatus. For example, in electric 
lamps, when some part is heated to incandescence (these will be 
described later); or in electric furnaces of various sorts, where 
industrial processes are carried out by passage of current. 

Anotfier class of apparatus in which the heating effect of 
current is used is well illustrated by a disc stove. This is made 
with a top of a plate of cast iron having a smooth upper surface. 
Below this, but close to it, is the conductor in which heat is pro- 
duced Iby the passage of current. In some apparatus a thin 
enamel^is baked to the iron; then the conductor to be used (a 
non-oxidizing alloy, for example) is set in zig-zag form against 
the enamel, and another coat spread over it. Fig. 71a shows such 
a stove and in a eep&rate view its method of construction.^ When 
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it is baked East, the heating conductor is securely fastened but 
insulated. By conductioa the heat is jiassed into the cast top, 
while suitable means are taken to protect the heating conductor 
and prevent the heat developed in it from being dissipated in 



useless directions. A &-in. disc stove would use about 450 watts. 
If it is to be used economically for heating or cooking, the vessel in 

use should cover the whole top and be in intimate contact with it 
all over. If current is left on and there is nothing to be heated 
the temperature may rise high enough to "burn out" the stove. 



Fig. 716. — Phantom view of electrically heated flat iron. Right- 
hand view ahows construction of the heating element which is used 
between mica plates close to the base of the iron. 

A very large amount of heating apparatus is built by uaiug an 
alloy conductor which has a high resistance {perhaps 50 times the 
resistance of copper) and which will endure high temperature. 
After placing it between mica sheets for insulation, it is clamped 
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firmly to the piece to be heated. Fig. 716 shows this construction 
by a phantom view of a well-known electric flat iron. In this 
case a thin sheet of the resistance material separately shown, 
has been cut in a punch press to a form which gives some rigid- 
ity to the unit but makes the path for current long and of 
high resistance. One of the difficult problems in electrical heating 
apparatus is to keep the heating conductor of small bulk and 
to so arrange it that the heat developed per square inch of 
heater is great enough to be satisfactory. 

61. Puses. — A fuse is a piece of metal of such size and composi- 
tion as to melt when the current passing [through exceeds some 
chosen value, and so it automatically opens the circuit. Fuses 
are very common safety devices used to prevent dangerous rise 
of temperature in a circuit in which they are included. Commonly 
they are made of a metal which melts or fuses at a low temperature. 
Lead or a lead-tin alloy is often used; sometimes an additiou of 
bismuth is made to the alloy to reduce the fusing temperature. 
A satisfactory fuse should open the circuit quietly; should main- 
tain firm contact with the circuit connections as by having hard 
metal ends; should have a definite current at which it will melt, 
not infiuenced by long heating; be so arranged that surrounding 
objects are not likely to be set on fire when it melts; be long 
enough so an arc will not be maintained when it melts. In the 
next chapter various forms of fuses are shown (see section 66). 
Looking at them it will be easy to see how well they meet the 
requirements here stated. A simple fuse wire is never a reliable 
current interrupter, partly because of the variable cooling effect 
of the terminals (due to difference in size and spacing), partly 
because in a warm place a fuse will melt off with much smaller 
current through it than in a cool place. To give an idea of the 
fusing current for a given size of wire it may be stated that No. 
10 copper wire will melt oft with about 335 amp. through it, 
while a lead wire of the same size melts off with about 42 amp. 
The copper would melt at 2000°F. and the lead at 600°F. 

QUESTIONS AND PKOBLEHS 

1. A man pushing on the end of a vertical windlass arm exerts a 
force of 40 lb. He is pushing at a point 4 ft. out from the axis and 
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oompletea a roimd every 30 sec. After a. quarter of an hour how much 
work haa he done? How much power has he been exerting? - 

2. An elevator weighing 1200 lb. rises the whole height of a 330- 
f t. building in 3 min. How many foot-pounds of work have been done? 
How much horsepower has been continuously supplied to do this? 
What horsepower is required of a motor to drive the machinery if 
its efficiency is 70 per cent.? 

3. A hoisting motor is lifting earth by-mcans of a derrick to which is 
connected a bucket holding a cubic yard of earth. If the earth and 
bucket weigh 3S00lb. and only £0per cent, of the power of the motor is 
available for the hoisting, what power ia being produced when the 
load is rising steadily at 120 ft. per minute. 

4. On a certain lathe a wrought-iron piece ia being turned, the 
depth of cut being J^o in. and the feed J^ in. The diameter of the 
piece is 6 in. and it is making 25 r.p.m. The pressure of the tool 
against the metal to turn it off is 4000 lb. What horsepower must be 
supplied by a motor to drive the lathe if the machine has perfect effi- 
ciency? What if the efficiency is 85 per cent.? 

6. A dynamo is driven by an engine. It is loaded to 800 amp. at 
125 volte. How many horsepower is the engine developing? Where 
does the power go if there are only lighte on the circuit? 

6. A steam engine develops 01 hp. in the cylinder. It uses 6 hp. 
in its own friction. The dynamo driven by it is developing 57 kw. 
What is the dj'namo efficiency? 

7. A certain motor is developing, 4 hp, when supplied with 3730 
watts. What is the efficiency? 

8. A street car weighs 30 tons loaded. The drawbar pull due to 
track resistance is 20 lb. per ton. When running 5 miles per hour 
what power is required to propel it? What current from a 500-volt 
line if the motors have 80 per cent, efficiency? What power and cur- 
rent at 15 miles per hour? 

9. Would 20°C. be a comfortable temperature? Could a man put 
his hand on something which was at a temperature of 50°C. without 
getting burned? Turn these into Fahrenheit temperatures to help 

10. How many B.t.us. are necessary to raise the temperature of a 
bucket of water {2 gal. at 8H lb. per gallon) from SOT. to 212°F.? 

11. Two copper wires are in series in a circuit. One has a section 
half as big as the other. Make a comparison of the amount of heat 
delivered to each one. Make a rough comparison of their rise in 
temperature. 
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IS. A certain electric stove is made to develop two heata by the use 
of a switch which changes one main connection from A to £, the 

other being always on C. The circuit is 120 

volts. On which switching point is most 

heat produced and why? 

IS. A certain 100-kw. dynamo (built for 

126 volts) is directly connected to an engine. 

The efficiency of the dynamo at full load is 
92 per cent, and the loss in the engine is 7)4 bp. How many horse- 
power does the engine receive from the steam line at full load of the 
dynamo? How many amperes does the dynamo supply at full load? 
14. A residence watt-hour meter reads 107,630 watt-hours at the 
end of one month. At the end of the next month it reads 284,030 
watt-hours. Only incandescent lamps have been in use giving 20 
cp. at 1.25 watts per candlepower with 110 volts applied. How many 
lamp hours have been used? What is the bill? If bumed 3 hr. each 
night and for 30 days, how many lamps have been burning to have 
such a hill? How much does it cost to bum one lamp for an hour? 
Price of current, 6-c. per kilowatt-hour. 
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DIRECT-CURRENT SYSraMS OF DISTRIBUTIOH 

62. Various STStems. — Current is distributed either through 
simple-series circuits (see Fig. 4) or simple-parallel or multiple 
circuits (see Figa. 5 or 6) . The series distribution is with constant 
current and the multiple distribution at constant potential. 
Series circuits are used almost exclusively for lights out doors, 
while multiple circuits are used for all sorts of purposes. Other 
more comphcated connections, such, for example, as a multiple- 
series connection of incandescent lamps on a series lighting 
circuit, have long since been abandoned. The only departure 
from simplicity is to find not infrequently two or more pieces of 
apparatus in series connected as one to a multiple constant- 
potential system, as, for example, when two 110-voIt lamps in 
series are connected across a 220-volt system. 

63. Constant-current DistributiOD.— In a series circuit means 
must be provided so that the current is fixed in amount, no matter 
what the number of lamps in use, while turning off one lamp must 
not interfere in any way with the flow of current through the 
others. Hence, the dynamos required to furnish current to such 
systems must be machines expressly designed to maintain a 
constant current by automatically raising their e.m.f. in pro- 
portion to any increase in resistance in the circuit as more lamps 
are turned on, and lowering it automatically when the resistance 
decreases. These dynamos are not much used to-day and each 
make is very special in character, so no attempt will be made to 
describe them here.' They are essentially high-voltage machines, 
since with a constant-current circuit of 10 amp. for only 100 kw. 
to be spent in lights, the terminal volts of the dynamo would be 
10,000. Common values of current for series arc lighting are 6.8 
amp. and 9.6 amp. On 9.6-amp. arc circuits, dynamos are not 
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made to generate more than 6000 volta. Since the dynamos 
supply constant current, no short-circuits or changes in resist- 
ance can lead to large flow of current, and so no fuses are necessary 
in the circuit. An open circuit will put out all the lamps in the 
circuit. No safeguard against breaks between lamps can be 
provided, but each lamp is provided with a switch and a cut-out. 
The switch is to short-circuit the lamp and so cut off current 
from it, in order to turn oft the lamp without opening the whole 
circuit. The function of the cut-out is to do the same thing 
automatically so a closed 
circuit may be maintained, 
even if the circuit opens 
within the lamp itself.' 

64. Constant-potential 
Distribution. — In this sys- 
tem of distribution all 
pieces of apparatus are re- 
ceiving current in parallel. 
The amount of current 
each receives may be quite 
different from that received 
by any other, and to turn 

off current from any one a F 72 ■ 

switch in the line to it is 

opened. In any practical system, current-using devices are in- 
stalled on branches of the main system. Hence there are moi'ns, 
the main wires through which current passes; and hranche», the 
local and less important wires through which current flows to the 
current-using devices. In Fig. 72 there is shown a pair of mains, 
to either end of which a dynamo might be connected and three 
branch circuits. 

Since circuit voltage is everywhere obtained between the wires 
of mains and branches it is usual when referring to these wires to 
speak of the sides of a circuit. Thus, that made solid black would 
be the positive side if the current flowed from the dynamo to 
the lamps through it, and the other side would, of course, be the 
negative side of the circuit. Even if each lamp were turned off 

■ ErpluDed further under d^cHption of arc Inmpa. 
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and no current were flowinK, the Bame method of designation for 
the aides of the circuit would be used; and if the dynamo is con- 
nected, the circuit would be said to be "live," that is, ready to 



Fia. 73d. Fig. 73B. 

supply current the minute anything were connected from one 

side to the other. 
6S. Switches. — In Fig. 73A, B, 0, are shown switches for con- 
trolling groups of lamps or other cur- 
rent-using apparatus. Knife switches 
are made for any current capacity 
and are rated by the number of square 
inches of contact surface provided when 
the blades are enclosed by the chps. 
A good switch will maintain very perfect 
contact there, the joint being "ground 
in" with emery and oil for good con- 
Fio. 73C. struction. They should have 1 sq. in. 

of contact area for every 100 amp. 

carried. Knife switches for less than 25 amp. are too frail to 

be useful. In Fig. 73A a double-pole, single-throw, back-con- 
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nected fused knife switch te shown complete &ad ready for moimt- 
ing on a backboard of non-conducting material. In Fig. 72 at A 
IB ahown a sii^e-pole knife switch controlling one branch circuit. 
It ia Bingle pole because it opens only one side of the circuit. At 
jS is a double-pole switch, and at C a double-pole, double-throw 
knife switch arranged so that in the position shown the rheostat 
fi is in series with the lamps, while if thrown the other way the 
lamps are connected directly across the circuit. 

Snap and push switches are installed where only moderate 
amounts of current are to be carried and persona unfamiliar with 
electric circuits are likely to manipulate them. Usually they do 
not carry more than 10 amp. In Fig. 73B a push switch is 
shown without its flush plate and with the porcelain box in which 
it is mounted partly broken away to show the qiechanism and 
how one side of the circuit is closed when the white button is 
depressed. At C is a single-pole snap switch, shown without its 
cover in the closed position. Revolving the knob winds up a 
spring and causes the connecting piece to suddenly swing through 
90 degree. Push and snap switches are always made so that the 
circuit can only be opened by a quick break action. In Fig. 73 
the switches are shown without reference to their relative scale. 
They are simply made of a convenient .siee to show their parts 
clearly. 

66. Fuses. — In a constant-potential circuit the current is regu- 
lated by the resistances connected across the circuit. Thus, if a 
single lamp takes 1 amp., when another similar lamp is turned on 
2 amp. are coming over the line. If some low-resistance apparatus 
were connected, a vMy large current might flow, an amount large 
enou^ to heat the conducting wires to a dar^erous temperature 
or bum out the apparatus itself. If the sides of the circuit were 
to get together a "short-circuit" would be formed, and then the 
generating machinery would be endangered by the load put upon 
it. Fuses are, therefore, installed at every point where a branch 
circuit meets a main, or whenever the size of conducting wires is 
_ changed. Fuses are mounted on fuse blocks or cutHjuta usually 
made of porcelain with brass or copper conducting pieces mounted 
on them. In Fig. 74 is shown a double pole single branch plug 
cut-out. Such a device is placed at a point along a line where a 
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branch is to be connected. The wires A and S represent the 
mains; wires C and D, the branch circuit. The fuBe plug shown 



in Fig. 75 has a porcelain body into which is secured a brass eon- 
tact button at the bottom and around which is spun the formed 
brass thread shown. The lead-wire fuse runs vertically through 



this porcelain body, being fastened at one end to the contact 
button and at the other to the top of the threaded piece. Such 
plug fuses are made for various currents up to 30 amp. and each 
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is marked with approximately 80 per cent, of the current at which 
it will melt off. When Buch a plug U screwed into the cut-out, 
connection ia established from one main to a branch wire. Prom 
wire A we pass through strip m and screw n to contact button e 
of the fuse plug. Thence up through the fuse to thread b to shell 
g to brass plate p and bo to wire C. Brass i^her o holds a mica 
disc in place, which insulates it and screw n from the plate p. 

More expensive fuses are much used to-day. Fig. 76 shows an 
outside view of an enclosed fuse plug to &t the same cutout as 
that just described. Fig. 77 shows a section of it and shows the 
cartridge or enclosed fuse proper which it contains and which can 
be renewed at will. The ^ 
figure shows with sufficient 
cleameBs how the connec- 
tions through the fuse are 
completed if it is under- 
stood that a brass cap 
covers each end of the car- Pi^ ^g 

tridge and the fuse reaches 
from one of these caps to the other. Another way of mount- 
ing a cartridge fuse is shown in Fig. 78. Enclosed fuses are 
constructed in such a way that when the fuse melts off, even if 
the opening of the circuit is accompanied with considerable aro- 
ing, nothing can be set on fire. Inside a fiber tube is a wire or strip 
of lead (or zinc or other metal) soldered to the brass end pieces. 
Kxcept for a small space near the center of the tube the space is 
fiUed with an insulating powder, such as lime or talc. Under 
excessive heat this powder fluxes and both by absorption of heat 
and smothering the arc the circuit is opened quietly and safely. 
The filling material must absorb no moisture. If it did, when the 
fuse melts steam would form and the cartridge explode. All such 
fuses are equipped with some sort of tell-tale device so that upon 
eirtemal inspection one can tell whether or not the fuse has blown. 

67. E.m.f. for Constant-potentia] Circuits. — A great majority 
of the circuits used for the distribution of current indoors, have a 
difference of potential of 110 to 125 volts maintained between the 
two sides. This is therefore the terminal P.D. of the dynamo 
connected to them. The figure estabUshed for a given system 
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ia kept constant on it. 110 volte is very widely in use, but no 
special advantage attaches to this figure. This e.m.f. is not 
dangerous to any person and ia well adapted to lights and smaller 
power UBee, 220 to 250 volts are used for power purposes, espe- 
eiaUy'in industrial plants. Sometimes a still higher e.m.f. is used. 
Thus, for street raili^ays, *hich use the constant-potential system 
of distribution partly because the ears must receive current in 
parallel, from 600 to 700 volts are used. The advantage of high 
voltage is that the current is reduced for the same amount of 
power transmitted and bo the 

H Ohm size of wire to carry the cur- 

^\~ T' P rent can also be reduced, 

— In order to have the cur- 

rent through any piece of 
apparatus on a constant-po- 
FiG. 79. tential system quite ind^ 

pendent of the current in 
any other thing, the volts at its terminals must stay constant. In 
order that this may be true not only must the dynamo be of the 
right sort {see next section), but the wires supplying current 
would have to be without resistance. Thus (Fig. 79), if lamp a is 
turned on and using 2 amp., there are 98 volts at it£ terminals, 
since 1 volt is lost in driving the current through each of the leads. 
If, when the circuit b is closed, 2 amp. flow, only 06 volts are at the 
terminals of a and so the current throi^b it is some 2 per cent, 
less than before. The lower the resistance of the mains and 
branches the less will this defect show. All practical systems 
have the distributing lines chosen so their resistance ia sufficiently 
low as to be nearly negligible. This matter is further explained 
in Chap. XVIII. The important thing to recognize at this point 
is the importance of low-resistance distributing lines as an aid to 
constant potential at the receiving devices. 

68. Dynamos for Constant-potential Systems. — The thing of 
fundamental importance in a constant-potential system is the 
dynamo. A machine must be avaUable which can supply a 
constant potential at its terminals. 

Every dynamo has its peculiarities and individualities which 
may be called its characteristics. Dynamo characteristics admit 
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of exanunation by the aid of curves derived from experimental 
data. It is common to arrange characteristics with volts plotted 
vertically and amperes horizontally. In the external character- 
istics the terminal volts are plotted for every current flowing 
through the eKtemal circuit, the dynamo being operated at 
constant speed. Dynamos of a given type have characteristics 
similar to each other. The only types of dynamos which have 
external characteristics which make them at all available for 
constant-potential systems are shunt dynamos and compound 
dynamos. 

69. Tbe Shunt Dynamo.— In Fig. 80 the curve A shows a 
typical characteristic for a shunt dynamo. If the field rheostat of 
the dynamo is not touched, as the 
current supplied by the dynamo 
is increased, the terminal volts loo 
fall, only a httle at first, but after- 
ward more rapidly until the point 
c along the curve is reached. For 
the dynamo considered the ter- 
minal volts are 120 at no load 
and only 100 when 50 amp flow. 
The remaining part of the curve 
to d is of no practical interest 
except to show that if a shunt 
dynamo is short-circuited, it will not come to harm. No more 
current then flows than indicated by the distance od, namely 12 
amp., for since the armature is short-circuited, no current flows 
in the field and the only e.m.f. generated is that due to residual 
magnetism. The drop in terminal volts with increasing current 
shown by the curve is partly due to resistance in the armature 
which causes more drop there, and this in turn means less volts 
to send current through the field winding. 

It is also partly because the increased current through the 
armature produces an increasing magnetizing effect which reacts 
on the main field, weakening it. Should the dynamo decrease 
Speed due to belt slip or decrease of engine speed or both, instead 
of reaching 100 volts at 50 amp. (point b on curve) there.would 
have been still less volts for this current. 
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A dynamo desired so that the drop along the line abc is Blight 
would be nearly a constant-potential machine. If the load 
changes gradually, any defects in the dynamo due to the inherent 
nature of the external characteristics can be compensated by 
hand manipulation of the field rheostat, the man In charge cutting 
out resistance so as to allow more exciting current to flow and 
thereby raise the voltage when he sees by the voltmeter a tendency 
for it to fall. This is the method used in practice. Shunt dynamos 
are often used in large central stations which supply current tor 
lighting. 

70. The Compound Dynamo. — As explained in section 40, a 
compound- wound dynamo has both shunt and series magnet 
windings on its field cores. . As the cur- 
rent to the external circuit increases, the 
magnetizing effect of the series field in- 
creases with it and this, supplementing 
the effect of the shunt field, increases the 
ilux and the generated e.m.f. as may be 
desired. If this increase is just enough to 
balance the drop which would be found 
in a shunt dynamo, an external charac- 
teristic shown by the line B, Fig. 80, 
would be found. This shows an exactly 
constant terminal voltage as the current 
increases. The amount of this com- 
pounding effect of the series winding can be regulated so that the 
external characteristic may turn out to be a horizontal line, one 
which rises, or one which drops, A compound dynamo which 
automatically keeps the voltage constant so that the external 
characteristic is a horizontal line is said to be compounded flat. 
One for which the characteristic is inclined upward is said to be 
over-compounded; one for which the line is inclined downward is 
said to be under- com pounded. An adjustment of the amount of 
compounding effect of a given series winding can be made by 
putting a shunt across the terminals of the series field, according to 
the plan shown in Fig. 81. The series winding of a four-pole 
dynamo is shown, marked FF, and the shunt iS marked S. The 
lower the resistance of this shunt the less the compounding effect 
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of the series winding. For most machines the terminal volts rise 
slightly as current increases to half load (from a to e) and they 
drop again as it further increases to full load (at /}. Compound 
dynamos are used for isolated plants where the regulation must 
be nearly automatic, and for electric railways where the load 
fluctuates suddenly and over large ranges and in spite of this the 
voltage must be maintained nearly constant. 

On all constant-potential distribution systems the volts are so 
nearly fixed that in common usage "the load" and the current 
. demand are used interchangeably. If then twice as many lamps 
were turned on, or if an ammeter in the line read twice as much as 
before, we would say that the load had doubled. 

71. Providing for Large Current Demand. — Every dynamo has 
a certain kilowatt capacity determined by its heating and sparking 
limits (see section 59). Hence on a constant-potential system of 
any size the current demand may easily become larger than that 
which can be supplied by any one dynamo. When this condi- 
tion arises, another dynamo is put in parallel with the first one 
and when their combined capacity is reached, a third machine is 
put in parallel with the two which are in operation. In this way 
not only is a means provided for handling loads of any size, but 
it is possible to take any machine out of service or to substitute 
another without the change in the source of current being per- 
ceptible to the user. The theory which explains how this can be 
done and why the load may be shared as desired among the 
machines operating in parallel is given in Chap. IX, section 105. 
Any number of dynamos may be operated in parallel if of the 
same sort. For the sake of simplicity in managing the system, 
it is desirable to limit the number so operating to two or three. 

72. Shunt Dynamos in Parallel. — In Fig. 82 is shown a diagram 
for two-shunt dynamos arranged so either or both of them may 
supply current to the load of lamps. Si and iSi are double-pole 
knife switches which control the supply of current to the load. 
Ml and Jlf j are double-pole knife switches to control the connection 
of the dynamos to the load. Connections between dynamos and 
load are by way of bars (marked -|- B and — B) which are called 
busbars. Each dynamo is provided with an ammeter and a 
voltmeter. The ammeter tells the amount of current supplied 



by Google 



APPLIED ELECTRICITY 



(ciiap. vn 



by a given dynamo at any time. The voltmetera give the means 
of keeping constant potential at the dynamo terminals or at the 
buabare and are used in connection with the operation of puttii^ 
machines in parallel as will be presently described. It may be 
noted that fusee fff, are provided in the lines leaving the busbars 
as well as in those aupplyii^ current to them, and that switch 
blades and fuses are so placed that when switches are open, the 
blades will be "dead"' and fuses 
can be renewed without risk of a 
shock or producing a Bhort-circuit. 
The process of putting a dynamo 
in parallel with one already in oper- 
ation IB by the following method. 
SupiK)Se dynamo No. 1 is connected 
to the busbars and operating under 
load. It is desired to connect No. 
2 in parallel with it. When No. 
2 is ninoing at full speed, by ad- 
justing its field rheostat B bring 
its voltmeter to the same reading 
or a slightly higher reading than 
that shown on the voltmeter of 
No. 1. Be sure that when the switches clc^e, the + terminal of 
the incoming machine, No. 2, will be connected with the posi- 
tive busbar. Close the main switch. 

When they are in parallel, adjustment of the field current 
by manipulation of the field rheostats distributes the load 
between the machines as desired. The dynamo whose field is 
strengthened has the load which it carries increased, while that 
of the other machine is correspondingly decreased. When once in 
parallel, dynamos of the same type will keep the same distribu- 
tion of current between them no matter how the total demand 
varies. 

73. Compound Dynamos in ParalleL — Fig. 83 shows by 
diagram the connections for operating compound dynamos in 
parallel. A comparison of Figs. 82 and 83 will show many points 
of similarity. There is, however, a third busbar marked E, known 

1 That i», ontirely olear of iMinuectloD wiUi \ar eonice ol current. 
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OS the equalizer, which, when the dynamo switches &re closed, 
connects the + brush of one with the + brush of the other. The 
main dynamo switches are triple-pole switches arranged usually 
so that all three blades close at the same instant, while fuses are 
provided in + and — leads but not in equalizer connections. The 
equalizer is always a conductor of very low resistance, its purpose 
being to put the series fields of the different machines in patallel 
so that, no matter what current flows through a given armature, 
the division of current through the aeries fields is always the same. 
The series fields must, for all the 
dynamos which are to be oper- 
ated in parallel, be connected i 
to the brush having the sa 
polarity. 

The process of putting com- [[Sio 
pound (lynamos in parallel is . '/ '/V, 
precisely the same aa that de- 
scribed for shunt dynamos 
the last section, if the dynamos 
are "compounded flat" and a 
connected by triple-pole 
switches. Dynamos which are 
over-compounded are very dif- Fig. 83. 

ficult to put in parallel, unless 

they have three single-pole switches for connecting them as they 
often do in railway work. A certain sequence must then be ob- 
served in making the connections. The plan is first to close the 
equalizer switch; next the one at the positive terminal of the 
incoming machine. This puts the series fields in parallel. Next 
adjust voltage of the incoming machine to a value 1 or 2 per 
cent, above that of the busbars and then close the last of the 
single-pole switches. Proceed to divide the load by manipulating 
the field rheostats. 

In the diagrams no provision has been made for a switch in the 
shunt-field circuit of the dynamos. It is a very rare thing to have 
such a switch installed. Each dynamo is supposed to be "self- 
exciting" immediately upon being started up, and when a dynamo 
is shut down, the field current may die out as the dynamo slows and 
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stops. Furthermore, the shunt field always has a great many 
turns in its magnet winding through which the large flux of the 
magnetic circuit goes. When the current stops the flux stops 
too; and so if a switch in this circuit were opened, a large and 
sudden change in flux occurs through every one of these turns. 
A tremendous e.m.f. may thus be generated in the field coils, 
enough to break down the insulation (see also section 106). If 
such a switch must be installed, some arrangement must be pro- 
vided so that it cannot be suddenly opened. 

71. Switchboards and Switchboard Connections.— The dia- 
grams Sn the preceding sections to show how dynamos are con- 
nected in parallel fail to give any real idea of the connections as 
they are made in practice. Dynamos are never connected 
directly to the circuits they are to serve. The switches, busbars, 
and necessary measuring instruments ar» always mounted on a 
switchboard where they are grouped in a convenient way. The 
various circuits of the system, which have been planned so that a 
convenient and useful control over the use of current may be ob- 
tained, begin at switches mounted on the switchboard where an 
attendant has them in charge. Cables from the dynamos end at 
the switchboard where control apparatus is placed so that it is 
easy to regulate their output and impossible to make any mistake 
about which apparatus belongs to a particular machine. A very 
common plan is to arrange things in panels; that is, in narrow 
sections, with all the apparatus from top to bottom of such a 
subdivision or panel belonging to a particular machine or service. 
Fig. 84 shows a drawing of a switchboard as it would be arranged 
in good practice. There are four panels. The central ones are 
for two compound dynamos; the outer ones are load panels; that 
is, they contain the switches through which the load is distributed. 
In the left-hand or front view the left-hand panel contains 
switches to control a motor load, while the right-hand panel has 
on it the switches for the lighting load. The drawing shows front 
and rear views and also a section through a generator panel. If 
properly folded, it is possible to look at the face and then at the 
back view, carrying the connections through and noting how the 
construction work is managed and how the connections are made. 
The board shown may be of either slate or marble. If of marble, 
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it might be 2 in. thick, while &l£rt«,'i(4ucli^a Stroager but a poorer 
insulator, might be 1 !^ in. thick. These slabs of insulating material 
are mounted on an angle and tee iron framework, the whole thing 
being mounted at a suitable distance from the wall by pipe lengths 
ending in suitable fasteners. 

Switches are mounted directly on the board by means of studs 
and thin nuts, the studs projecting so they may be clamped on the 
back to bar connections or lugs into which cable ends are soldered. 
The busbars of rolled copper b&r marked by the proper name on 
the drawing, are supported on cast-iron brackets which are bolted 
to the vertical tee irons. On the brackets are mounted insulating 
blocks of slate or porcelain on which the copper bars' rest. The 
busbars are made up of more than one bar each (see section or 
end view), in order to make it easy to secure large area of contact 
at points where other bars are clamped to them, and to facilit&te 
bending. Cast-iron clamping pieces are shown marked "bus- 
bar clamps." 

On the generator panels at the top and on the motor-control 
panel at the left, circuit^breakers are mounted. Circuit-breakers 
are magnetically operated switches arranged so that when the 
current exceeds a value for which they are set, a catch is released 
and a spring opens the circuit. A description is reserved for the 
next section. 

In addition to matters already noted, the reader should look 
carefuUy over Fig. 84 to see the height of the board; the disposition 
of apparatus on it, particularly on the dynamo panels; the method 
used for clamping the buBbars to distributing bars; and should 
follow the route of the current as it is brought to the board from 
the dynamos and delivered again through the distributing circuits. 

The arrangement of the dynamo panels is a good one. The 
instruments and main switch are directly before the operator at 
a convenient height, while the rheostat can be manipulated while 
watching the instruments. The rheostats are shown only in the 
section or side view. In the rear view they are omitted so the 
various connections can be better seen. Their location is indi- 
cated by a dotted circle. The circuit-breaker needs no attention 
until it opens, and then an upward reach and downward pull (after 
the main switch has been opened) close it. The flash across its 
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contact^ as itopenu is at the cop of tbe board where it can harm 
nothing. 

There are four wires from each dynamo to the switchboard — 
poaitive, negative, and equalizer (usually all of equal size) and the 
field wire. The positive dynamo lead (F) ends on a main fuse 
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board. Aiter passing the fuse it is carried by a vertical bar to the 
top of the switchboard through the circuit-breaker and then back 
to a stud on the main switch. The equalizer G is carried directly 
to a stud on the main switch. The negative lead goes to the fuse 
board, then on through fuse, watt-hour meter, circuit-breaker, and 
ammeter shunt {K) to the third stud on the miuu switch. The 
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field wire (/) Ib connected ^t the board in agreement with the 
diagram of Fig. 83, which should be consulted and carefully com- 
pared with the switchboard drawing. The connections are such 
that the rheostat and voltmeter are connected behind, that is, 
on the dynamo side of all switches. 

The three buabars are mounted directly behind one another (see 
rear view). The equalizer is behind the others reaching from 
L to M . The positive and negative fuses extend toward the 
right end at W in two vertical bare, one placed behind the other. 
At two cross-bars, one 3 in. behind the other, are bolted on. 
The one farthest from the board extends from P to Q. The 
other, close to the board, reaches from R\aS. The way in which 
the positive or negative bus is continued to any particular switch 
stud will be sufficiently clear if it is understood that the drawing 
shows the same sort of connections as tho^ just described for 
every one of the circuit connections. 

It is always difficult to plan a switchboard so a nice arrangement 
of connections to the distributing circuits is secured. It is as- 
sumed that in this case they are to be carried to conduits below the 
floor, and they are shown on the switchboard drawing, although 
it is very unusual to do so. The cables, beyond their connection 
to lugs at the switches, are encased in a reinforcing insulation of 
circular loom conduit to the point where they enter the iron con- 
duits. In the drawing, fastenings to hold conduits to the angle- 
iron frame are not shown. 

It will be noted that the hghting circuits are fused with enclosed 
fuses mounted on the face of the board, while the motor circuits 
have circuit-breakers and no fuses. This is done because motor 
circuits are very apt to have occasional overload currents in them, 
while it is an extraordinary condition which gives a hghting circuit 
an overload. An objection to enclosed fuses on the face of the 
board is found in the fact that it is hard to so arrange them that 
the switch can be opened wide, their height above the board 
causing interference with the blade when it is swung back. 

78. Circuit-breakers. — A circuit-breaker, as mentioned in the 
last section, is an automatic switch which opens magnetically. 
Circuit-breakers are used in place of fuses, where the expense is 
not prohibitory, because their operation is much more certain and 
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rapid than fuses; while a good one will open a circuit indefinitely 
without requiring renewals or repairs. Fig. 86 shows a good 
circuit-breaier of a well-known type.' Part of the framework 
on the side toward the reader has been cut away in order more 
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clearly to show the operating parts. The switch proper consists 
of a laminated spring copper member (16) which bridges two 
contact blocks (98 and 50B). Between blocks 50 and 50B and 
connecting them is a magnet coil around core 59. Current is 
brought in and taken out through studs connected on the back to 

■ l-T-E Laminated Circuit-breHker made by the Cutter Company. Philadelphia. 
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pieces 50 and 98. An abnormal current in the coil causes the 
armature (127) to move toward it and as it moves to strike the 
trigger (87) ; on releasing which the switch, under the pull of the 
springs, opens Buddenly. There is an adjustable stop (166) 
against which the armature (127) normally rests. This stop may 
be placed at various points along a scale marked in amperes, 
thus determining the exact position of the armature and so of the 
current at which the breaker will trip. A knob projecting at the 
bottom of the breaker is to make it possible to trip by hand 
at any time; the large handle at the right is to close the switch and 
reset the automatic trip. 

When the switch opens, the laminated member 16 first leaves the 
block 98 ; but a good current path is still provided from SOB through 
an auxiliary block S; a spring copper piece 30, to block 69, and 
thence through piece 81 to block 98. Later 69 leaves 81 but there 
is still a path from 3 up through the carbon blocks 27, 75 and down 
to 98. Thus there is no chance of burning and marring the real 
switch contracts, while the circuit is finally broken on carbon 
blocks which are designed so this will not hann them. 

Sometimes circuit-breakers are provided with a magnetic blow- 
out which disrupts an arc which forms on the parting of the 
contacts. The principle is described later in sectioD 97. 

76. Switchboard Instruments. — ^It is not safe to operate dynamos 
unless they are supplied with instruments arranged so that the 
current output, and the terminal volts are measured. Such 
instruments have many forms; a type much used being here 
described (see Fig. 89). The indication of such an instrument Is 
dependent on the fundamental fact that a conductor carryii^ 
current when placed in a magnetic field experiences a mechanical 
force. If, in Fig. 87, a current were flowing in a conductor in the 
direction marked beside it, it being placed in a magnetic field 
'having the direction shown, the wire will experience a force to 
move it downward. The amount of force varies with the amount 
of current when the magnetic field has fixed strength. 

Fig. 88 shows this fact put into application in an instrument, 
the working parts only being shown. A permanent magnet in 
horseshoe form, with poles marked MM, is arranged with iron 
pole pieces and a soft iron cylinder in such a way that a narrow 



:dbvGoogIe 



106 APPLIED ELECTRICITY [Clwp. VH 

gap space of even width U provided between the pole pieces and 
the cylinder. The bridging piece which supports the cylinder is of 
braw. A rectangular coil of many turns of fine wire swinga in this 



Fio. 87. Flo. 88. 

gap space, supported in jeweled bearings. The jewels are mounted 
in the bridging pieces at D. The pointer B and coil C are rigidly 
fastened together; coiled springs, one above and one below the 
coil, hold the pointer to the zero position and serve as the means 



of getting current into it and out again. Should current flow in 
the coil, up in the wirea on one side and down on the other, 
there exists a mechanical force to rotate the coil which is opposed 
by the springs. Thus instrument indications are secured. 
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Fig. 89 shows an instrameat complete except for its cover 
(Weston ElectricEil lustrumeDt Company's make). It is easy to 
see that this has the same mechanism as that just described. 

A voltmeter is such an instrument made with high enough 



resistance so that only a very smail c 






— "miJB — 



rent flows in the coil. If 50 volts applied / \ 

sends a small current which exerts a cer- I I 

tain force to move the pointer along the 

scale, 100 volta applied would send twice 

the current and so exert twice the force 

to move it. The instrument then has a 

scale marked in volts, the current through it varying with the 

volts applied. 

Large currents cannot be carried through the delicate springs 
and light coil; hence, for ammeter uses an arrangement must be 
made so that only a small but dehnite proportion of the current to 
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be measured flows through the instrument itself. Connections 
would be made as shown by Fig, 90. The resistance strip marked 
S is called the shunt. Through it a very large percentage of the 
raain'current flows. Such shunts have been already shown on the 
switchboard drawing inserted in place in the busbars. Fig. 91 
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showB a collection of them as supplied by the maker, the larger 
oaes being designed to carry the larger currents. On one, the leads 
which connect the instrument are shown connected. 

77. A Conetant-potential Network.— In a distributing system of 
any size, and particularly a central station system for lighting, a 
network is often formed. This is made of a set of distributing 
conductors (see Fig. 92) running along the streets and cross- 
connected to each other at ^ach intersection (A to I). From them 
the customers are supplied through service connections (J to V 
inclusive). The current supply from the central station is 
delivered to the network through a number of feeders, one of 
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which is shown endii^ at the intersection E. The feeders start 
from one, or more than one, central station; and end at different 
selected points of the network. Oftentimes voltmeter connections 
are brought back to the station from the feeding points so the 
volts there can be read at the switchboard. 

The resistance of the mains is kept very low SO that without 
regard to the amount of current flowing in the network or the places 
where heaviest demand exists, the customers will all have constant 
potential within narrow limits. Even if the feeders have some 
little resistance, constant potential can be assured at the network 
by the aid of voltmeters connected at the point where the feeders 
enter the network. Shunt dynamos often supply current to the 
feedera. 
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Should a short-circuit occur on the network serious trouble will 
result, unless the fuses open on each side of the place where the 
trouble has occurred. 

78. The Three-wire System. — The Edison three-wire system is 
a system of distribution which has long been in use for distributing 
current, mainly over central station mains, to customers to supply 
them with light and power. In it three wires are required for 
the distribution, the connection being as shown in Fig. 93. The 
mains are known as positive, neutral, and negative. They are 
marked on the figure. The lamp load is divided as evenly as 
possible between the two sides of the system so that very little 
current flows in the neutral. When the same number of lamps 
is on each side of the system it is said to be "balanced" and no 
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Fig. 93. 

current at all flows over the neutral. Motors, except in the 
smaUest sizes, are connected between positive and negative. A 
common e.m.f. for each side of the system is 110 volts, 220 volts 
being therefore that between positive and negative. The dynamos 
are connected as shown in the figure. When the demand for 
current is greater than two dynamos can supply, more are put in 
parallel with A, or B, or both, as desired. Shunt dynamos are 
commonly used. 

When a three-wire system is unbalanced some current flows over 
the neutral back to the dynamos. The amount '•& the difference 
between that flowing out in the positive and back in the negative. 
If the large current demand is on the positive side, the current 
flows toward the dynamos in the neutral. 

The reaaon for the use of this system is to be found in the fact 
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that a considerable saving in the coat of the distributing system 
can be made; much smaller conductors being required than when 
a two-wire system is Installed. Nearly all large installations for 
lighting or for Ughting and power are three-wire systems. 

City distribution systems are usually networks similar to that 
already described for a two-wire system. Commonly such net- 
works are run in Edison tubes. They are 20-ft. iron pipes in which 
three bare conductors of equal size have been placed and insulated 
from each other and the pipe by a solid compound. The neutral 
is generally next -the curb, the positive at the top, and the negative 
at the bottom of a tube. Joints between tube ends are made by 



Fig. 94. 

a coupling-box of cast iron in which flexible connectors join the 
projecting ends to each other. The box is then filled with com- 
pound. Service connnections are taken out at these same coupling 
boxes. Fig. 94 shows a coupling box for a service connection 
with short conduit pieces in place, and wires properly connected. 
They may be either two-wire, or three-wire according to circum- 
stances. Feeders are generally lead covered cables brought out 
from the central station to junction boxes, different from Fig, 94, 
through creoBoted wood or terra cotta conduits. 

79. Distribution to Railways. — Railway distribution systems are 
operated at constant potential but the arrangemente for dis- 
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tributing current are so different from those used for lighting and 
industrial power that a separate description is necessary. 

A common e.m.f. for distribution is some fixed value between 
500 and 700 volts. Fig. 95 shows an elementary diagram of a 
distribution arrangement. The current comes from the trolley 
wire and returns through the track. Hence all the coxa receive 
current in parallel. The path in a given car is down the trolley 
pole, along an insulated wire past a lighting arrester, through fuse 
and circuit-breaker to car motors. From them a cable connects 
to the motor frame and thence the current flows through truck, 
axles, wheels to the track. More detail regarding the path through 
the motors is found in Chap. VIIT. 

The amount of ciurent required by a car, as well as its location 
on the system is quite variable. The exposed bare trolley wire 
also makes the chance for faults and short-circuite so great that 




the distribution system is managed in separate parts, the trolley 
wire being broken into sections as shown in the diagram, each 
section, A, B, or C, being served from the central station over a 
separate feeder as Fig. 95 shows. Each feeder is tapped to the 
trolley line at intervals of a few poles so that the feeder becomes a 
supplementary supply line all along the trolley wire. To make 
this all seem more real, consult Fig. 96 in which a tap from a 
feeder along the pole line is shown taking the place of part of an 
insulated span wire, while the car has the same relation to the 
current supply as shown at C of Fig. 95. In Fig. 97 the upper part 
shows trolley wires for a double track road as they are supported 
at one span wire. A section insulator is shown inserted at this 
point in the lino nearest the reader. 

The track makes a good return path when bonded around the 
joints, for although of iron it has large total cross-section. In the 
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lower part of Fig, 97 bonds on rail joints are shown. When large 
currents must flow through the track return auxiliary ground 
return lines, of bare copper cable, are installed. 

FeederB may run on pole lines overhead; or be carried in under- 
ground conduits, the trolley wire taps then being brought out 
through the interior of iron poles and connected as shown in the 
overhead construction of Fig. 96. On heavy intenirban or 




elevated lines a third rail is used instead of the trolley wire. A 
shoe or shoes on the car then sliding on the third rail will take 
current into the apparatus on the car. 

On any car there are not only the circuits through the propelling 
motors, but several others for lights, heaters, air-brake motor, 
etc. Current after flowing down the troUey pole passes to any 
or all of these which are connected through fuses and controlling 
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switches in parallel with each other. On a 500'Volt system the 
ten lights on a car are arranged in two series of five each (the 
lamps being for 100 Volts each) ; while the four heaters may be con- 
nected in series across the line or by a special switch thrown into 
various other circuit combinations. 



80. Switdiboard Arrangements for Raikoads. — For railway 
work thii^ are commonly arranged ho that the equalizer connec- 
tion of the dynamos and the negative or grounded side of the 
system do not appear at the switchboard at all. Such a board 
is shown in Fig. pS. At the right-hand end of the board is a long 
line of feeder switches — eighteen of them. Further to the left 
after passing a couple of special panels, the dynamo switches and 
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iiiBtruments are found. A very common arrai^ement b to have 
only one single-pole switch per dynamo at the Bwitchboiird. At 
each dynamo there is a pedestal and tablet on which are mounted 
single-pole knife switches. One connects the proper point to the 
equalizer and the other the negative machine terminal to a bar 
' which is mounted against a wall in the basement of the station, it 
in turn being connected directly to track and ground. The 
diagram of Fig. 99 shows how such a switchboard is arranged 



(compare Fig. 98). Single-pole main switches, ammeters, circuit- 
breakers and a voltmeter are the only necessary instruments and 
apparatus. The positive bus runs along the top of the board and 
behind each pane! a branch turns down through a circuit- breaker, 
ammeter, a feeder switch, and then continues in underground 
cable to a certain portion of the system as A, or B, or C of Fig. 95. 
Circuit-breakers are very important adjuncts of the feeder 
system of a railway. The current over any feeder line is very 
fluctuatii^ and when several cars start at once on a particular see- 
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tion the current may rise to a value far beyond that which is safe 
for the feeder; or if the trolley wire should fall or other fault 
develop, a section should be immediately cut oS without any effect 
On the dynamos or other parts of the system. A very marked 
feature to be noted on the switchboard of a railway power station is 
the rapid fluctuations in the current demand over the various 
feeders shown by the various ammeters. 




81. finding Circuit Polarity. — la connection with practical 

work on a constant-potential system it is often important to 
know which is the + and which the — side of the circuit. The 
following methods are suggested (which apply to tests on 110-volt 
circuits). Put a low candle-power incandescent lamp in series 
with a vessel containing acidulated water, using copper wire 
- electrodes as most convenient. - There will be considerable evolu- 
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tion of gas at the negative and the electrode will brighten, while 
at the positive very little gas forms. If copper wires are thrust 
into a potato ^ in. apart, a blue ring forms around the positive 
and white froth around the negative. One may use a polarity 
indicator, which is likely to be a solution of iodide of potassium 
with a little starch added. When current passes, the iodide turns 
the starch blue at the + terminal. Such a solution is often en- 
closed in a glass tube with platinum electrodes to take current in 
and out. A piece of blotting paper moistened with such a solu- 
tion will serve equally well. 

82. Insulatioii and Grounds. — It is most important on a 
constant-potential system to have all the lines and distributing 
circuits well insulated so that the current will only flow in the 
paths desired. Should the insulation become defective between 
one side of a system and the ground (or any conductor connected 
with the ground), the system is said to be "grounded" and if the 
connection is of quite low resistance it would be called a "dead 
ground," 'A single fault as at E (Fig. 100) cannot cause trouble 
by permitting a leak of current; 



(1 



and another ground at b, for 
example, would make no dif- 
ference. But if a ground oc- 
~0- ^We ""^ *t <* there is a leak by way 

-Q— of the two grounds a and E 

* which may lead to heating ef- 

Fio, 100, fecta which cause fire risk or in 

case both are "dead grounds" 
to a short-circuit which causes fuses to open and the circuits to 
be put out of commission. The more complicated the system 
the more important to keep it clear of grounds. 

In connection with constant-potential systems and the appara- 
tus used on them, many points have not been touched regarding 
trouble which may arise and how to remedy it. For this the 
reader is referred to "The American Electrician's Handbook." 

QUESTIONS AND PROBLEMS 

1. A certain SO-kw. dynamo automatically maintains 125 volts 
at its terminals. Across the mains (of negligible resistance) 1 connect 
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in p&rallel a lot of lampe (250 olima each) until the dynamo is loaded 
to ita full capacity. How many have been then connected? Draw 
a diagrai9 and show fiome o^ them connected on four branches. 

3. At the busbars of a certain switchboard 115 volts are maintained 
for a constant-potential distribution. A certain line of No. 4 wire 
rune 200 ft. (400 ft. of wire) to a branch line A on which there are 20 
lamps taking l^amp. each. It then runs on 100 ft. to another branch 
B on which there are 20 lamps taking 1 amp. each. Make a dia- 
gram of the circuit arrangement showing one way of turning off and 
on lamps on A, and a different plan on B. Calculate volts at branch- 
ing point for A and at branching point for B: (1) with all lamps on (2) 
with lamps on branch A turned off. 

5. A shunt dynamo gives 110 volts at its terminals on no load, and 
if left to itself, 105 volta at full toad. A compound dynamo of the 
same capacity shows 110 volts at no load and the same at full load. 
Which would be chosen for a constant-potential system and why? 
Would there be any difference in the choice if lights in one case, or 
power in another, were supplied? If incandescent lamps or a rail-' 

4. Why has a shunt dynamo do volts across its terminals and only 
a small current flowing when shoft-circuited? 

B. A certain shunt dynamo started at 125 volts at "no-load" drops 
from that to 115 at "full load" of 200 amp. A temporary winding 
of 50 turns is put on the field winding and 4S amp. -are passed through 
it. With full load the terminal volts are then 125. How many turns 
of series winding should be provided so that as a compound dynamo, 
constant potential may be secured? 

6. Draw a diagram of a long-shunt compound-wound dynamo. It 
is a SOO-volt, 200-kw. machine using 2 per cent, of its full-load current 
output for the shunt field. On the diagram mark the amount of current 
flowing and its direction at full load, in armature, in series field, in 
shimt field, in external circuit. 

7. Make a simple diagram to show two compound dynamos con- 
nect«d for parallel operation, arranged to bring out clearly that the 
series fields are connected in parallel. 

8. At what current would the circuit-breaker be properly set for 
either one of two 100-kw. 125-volt dynamos operating in parallel? 
In which one or ones of the three dynamo leads should the breaker be 
placed? Why is it proper to open the main switch before closing an 
open circuit-breaker? 

0. If upon entering a dynamo room with which one was familiar, 
two dynamos were found operating in parallel, what means might be 
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taken of teUing wliicli had been many hours in service and which one 

recently connected to the busbars? 

10. Beferrii^ to F^. 8S which way must current flow in coil.C in 
order to deflect the instrument pointer up the scale? The left-hand 
magnet pole is N. 

11. If 5 milamp. pass through an annneter arrai^^ with a shunt 
aa in Fig. 90, for 50 amp. through the line, what fractional part of 
the main current will always be found in the ammeter and what in 
the ahunt? 

12. A voltmeter having a resistance of 15,000 ohms reads 30 volts 
when connected between two points of an electric circuit. How much 
current flows through it? How much will it read an^ what current 
flow when connected between points at 150 volts difference of poten- 
tial? Why does the inatrumeat deflect to read volts correctly? 

13. Draw a diagram of a 220-volt three-wire system having'five 
220-ohm incandescent lamps on the + side and the same number on 
the ~ side of the system. Calculate and mark the current flowii^ 
along the distributing wires for each point where it is different or 
changes. (Neglect the resistance of the wires.) Then on a separate 
diagram turn off two lamps on the -|- side- and mark currents flowing 
using same plan as before. 

U. Acertainstreetcaris taking 30smp.througfaeach offourmotors 
connected, has four heaters of 275 ohms each, an air compressor 
motor taking Ij^ amp. and four strings of five lamps (110 ohms each) 
all in parallel and all in use. Assuming 550 volts at the car, how much 
current comes from the station and down the trolley pole to the car? 
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DntECT-CURKENT MOTORS 

63. General Facts. — Except for various types of toy motors 
which depend for their operation on the attractive pull of an 
electromagnet for an armature and which will not be considered 
here, electric motors are constructed precisely like dynamos. 
They may be bipolar or multipolar and have shunt, series, or 
compound windings on the fields. They may have ring- or drum- 
wound armatures. The placing of the brushes is the same. 
Manufacturers use the same frames and the same armature and 
field windings for both. Catalogues may contain data like this: 



SiM 


G™«.tor r.tll.< 


Voiw 


Motor rating. 




Volt. 


Kw. 1 Sp«ed 




IP 

2F 


115 
115 


4.5 
6.5 


1175 
1025 


115 
116 


5 

7H 


1000 

875 



This data taken from a well-known maker's catalogue describes 
two frames of his line wotmd as four-pole shunt machines with 
wave-wo^uud drum armature winding. For size IF if run aa a 
dynamo at 1175 r.p.m,, 39 amp. at 115 volts is full load; if supplied 
with current from a ll&-volt line as a motor it will be producing 5 
hp. at the pulley and be running at 1000 r.p.m. when 39 amp. 
Sow through it. The lower speed as a motor is partly due to the 
fact that the generator operates with a rheostat in series in the 
field and so with weaker field, and partly due to causes explained 
in section 85. One difference between a dynamo and a motor is 
that whereas the brushes are advanced in the direction of rotation 
in a dynamo to keep them ahead of the neutral line under load, in a 
motor they are moved the other way on account of the reversed 
armature reaction (see section 92). 
119 
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M. The Rotative Pull. — When a machine is operating as a 
dynamo, and current is flowii^, each wire experiences a piiH^ 
resisting the rotation. On this account an engine has to pull the 
armature around and for this cause power is necessary to propel it. 
In motors when current is allowed to flow, this Bame pull ia ex- 
perienced but now for rotation; and it is utilized to pull the arma- 
ture around. It is a general principle that a conductor carrying 
current when located in a magnetic field experiences a mechanical 
force. The direction of the force can be determined by a rule as 
follows: 

Ptd the tkurr^ and first two fingert of the Ufl hand oU at right angle* 
to each other. Point the first fijiger in the diTeclton of the fiwc and 




the second finger in the direction of current flow in the conductor. 
The (Aurnb vdU then he pointing in the direction the condvclor wiU 
try to move. (See section 32 for a similar rule.) This rule may 
be verified by applying it to the armature shown in Fig, 101 
remembering that it applies to wires which are in the flux, 
that ia, on the outside cyhndrical surface under the pole faces. 
With the direction of current flow there shown it will be found 
that any conductor is pulling for rotation in the direction marked. 
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If reference is made to Fig. 39 it will be found that foe the same 
direction of current flow, when operating as a dynamo, the rotation 
is the other way. The direction marked in that figure is due to the 
engine which is overcoming the resisting pull in the conductors of 
a dynamo as already explained. 

The amount of the force exerted by a conductor carrying current 
in a magnetic field is determined by the amount of current flowing 
and the strength of the magnetic field. If there are a number of 
conductors in the same field pulling together, the total pull is 
that of any one multiplied by the total number, or is proportional 
to the number pulling. Examination of the flow of current in the 
armature winding of a motor, as in Fig. 101, will show that in it, 
if the brushes are in proper position, all the wires pull in the same 
direction for rotation. Reversing the current in either the arma- 
ture winding or field winding will reverse the puU and so the rota- 
tion of the machine. 

86. The Motor Ejn.f. — When the armature of a motor is re- 
volving, an e.m.f. is being generated in the armature winding just 
the same as though it were propelled at the same speed by an 
engine rather than by current flowing through it. An examination 
of Fig. 101, usii^ the rules appropriate to determining the presence 
and direction of e.m.f. generated, will show that the motor e.m.f. 
is a counter e.m.f., that is, one directed against the flow of current. 
The magnitude of this e.m.f. is calculated exactly as for the same 
machine operating as a dynamo. Thus, suppose the machine 
1 F referred to in section 83 when ru nnin g as a dynamo is generat- 
ing 117 volts when 20 amp. are flowing through the armature and 
115 volts are found at the terminab. This will be the case if the 
armature resistance is }io ohm. We assume the speed then to be 
1175 r.p.m. as given in the table. Now if operating as a motor, 
from a 115-volt cu'cuit, the field (if rheostat is left in) receives the 
same current as it did before and the field flux is the same. The 
motor-generated e.m.f. is then bound to be 113, for of the 115 
volts applied two are used up in getting 20 amp. through the 
armature resistance. The generated e.m.f. and speed change 
together; and so with 20 amp. flowii^ in the armature the speed 
must be 1134.8 r.p.m. This is obtained from 
117: 113 = 1175: * 



:dbvGoogIe 



122 APPLIED ELECTRICITY IChap, Vm 

Notice from this result how it ia certain that the motor speed at 
a given terminal voltage will be lesa ttkan the speed aa a dynamo. 
88. The Motor Current — In the case oF a motor aa already 
inferred, two e.m.f.s as well as the armature resistance are linked 
. with the current flowing. To determine the amount of current 
flowing, a calculation may be made by using the foflowing formula: 

in which E = e.m.f. applied to armature; e = motor e.m.f.; R = 
resistance of armature. 

For an example, take the motor for which a calculation was made 
in the last section. Substituting data there given, 

, 115 - 113 _ 

I = w =*= 20 amp. 

AU practical motors of the present day operate on constant- 
potential circuits. Hence E in the above formula is constant. 
Since the motoi^ annature resistance is fixed, the current (/) can 
only change by a chaise in the motor e.m.f. (e). 

The way in which a motor automatically adjusts the current 
flowing through it to the demands of the load may be iUustrat«d 
by flrst considering a simple mechanical example. Suppose a 
man is turning a grindstone. He must exert a pull for rotation 
so that in spite of friction of bearings and air resistance the stone 
keeps revolving. He is supplying it with power to propel the 
friction load. If now a tool to be ground is set down on the stone 
the pull he is exerting is not enough to keep the stone moving, and 
BO it slows down. This is the signal to the operator to pull harder 
in order to supply the power required by the increased load. 
After he has adjusted the pull he exerts on the crank to this new 
requirement, suppose the tool is removed from the stone. The 
puU for rotation is now much above the requirements of the load 
and the stone speeds up or accelerates. This is the signal to the 
operator to reduce the pull. 

In making an application of this principle it will be best to 
consider each type of motor separately. 

87. Shunt Motor on Constant-potential Circuit — Suppose we 
consider a motor having an armature resistance of H ohm working 
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with an applied e.m.f. of 100 volts. Start with the motor "running 
free" on the line. Some current is flowing through the armature 
to supply the pull necessary to propel it against its bearing 
friction, etc. Suppose this is 2 amp. 

, E - e „ 100 -e 

from which c = 99 volta. Suppose now a belt connected to some 
machinery is thrown on the motor pulley. The 2 amp. flowing 
do not exert a pull great enough to keep the motor and machinery 
going, and they slow down. This is the signal to the motor to pull 
harder by receiving more current, for since the motor e.m.f. and 
speed are proportional, a diminution in speed diminishes e. 
Suppose it drops to 95 volts. The current then flowing will be 
, E- e 100-95 ,„ 

This current ^ves the armature the means of pulling five times as 
hard as before, and so (if 10 amp. is right for the load) the motor 
runs on at the reduced speed. Further, we.can tell what the re- 
duced speed is. Suppose the speed when running free was 
1000 r.p.m., then this proportion holds: 

99 : 95 = 1000 : x 
X - 959.6 r.p.m. 

X is the speed when 10 amp. flow in the armature. 

Suppose now the belt is thrown ofl: 10 amp. are flowing through 
the armature, much more than necessary to furnish the pufl for a 
motor ru nnin g free. Hence the armature accelerates. And this 
is the signal to reduce the pufl by reducing the current, for as the 
Speed rises the motor e.m.f. rises and causes the current to drop. 
When 1000 r.p.m. are reached the motor e.m.f. is back to 99 volts 
and the current has been reduced to 2 amp., which is the amount 
now required. 

From these considerations we see how the current is auto- 
matically adjusted to the load and that the motor must slow down 
as the load increases. This decrease in speed is not great, however, 
BO that shunt motors are in very wide use for all sorts of industrial 
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purposes as "coDBtaot-speed motors." la amall motors the 
ch^kge in speed from no load to full load will not exceed 6 pei cent., 
while in Urge ones it is less. 

88. Shunt Motors in Special Uses. — A decrease in volts applied 
to the armature of the motor will decrease the speed in nearly the ' 
same proportion, the current in the field coils being assumed 
constant. 

Thus, suppose the motor above working with a load to pull for which 

lOamp. arerequired. Asalreadydetermined, theepeedwithlOOvolts 

applied is 959.6 r.p.m. If 50 volte were ap- 

' plied (half as much) the speed may be de- 

j' termined as follows: 

HI _ t-_« 10 . 50-_, 




R 



= 45 



which is the speed in r.p.m. with 50 volts 
applied. The applied volte were halved and 
the speed is a Uttle less than half as much as 



A decrease in applied e.m.f. may be 
FiQ. 102. made by putting a resistance in series with 

the armature (Fig. 102). In this particu- 
lar case 5 ohms in a resistance would use up SO volts and leave 
50 volts to be applied to the armature. 

Weakening the field, as by putting resistance in series with the 
magnet winding and decreasing current through it, will cause a 
shunt motor to increase its speed. Weakening the field reduces 
the motor e.m.f. This causes an increase in current through the 
armature and a pulling effort Is produced more than that which is 
required for the load. The motor accelerates until the counter 
e.m.f. is increased to cut down the current again to that required 
to propel the load, when the motor continues to run at the higher 

89. Series Motor on Constant-potential Circuit. — It is much 
more difficult to calculate problems regarding series motors than 
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for shunt motors, becauee every change of current through the 
armature is accompanied by a change of field strength. Suppose 
a motor running free has a load put on it. It slowa down due to 
the fact that it has not enough current flowing through it to 
furnish the required pull. But as it slows down and current begins 
to rise the fleld is getting stronger, which helps out on the pulling 
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Fig. 103. 

effect but acts against the decrease of motor e.m.f. Hence a 
much greater change in speed occurs for a given change in current 
than would be found for the same machine wound as a shunt 
motor. 

Suppose the magnetization of the field is such that an increase in 
current flowing in the series field winding will increase the field 
strength proportionately. For doubled current the pull the motor 
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exerts is quadrupled (field strength and armature current both 
doubled), while the speed must be less than half the former 
amount, since the motor e.m.f. must decrease in spite of the 
doubled field strength. The series motor has changes in load 
accompanied by great speed changes. It can, on the other hand, 
pull very hard for a given increase in current. On account of 
these characteristics it has been much used on traction work and 
for motors on cranes and hoists. Someone is always in charge of 
such apparatus whose duty is to regulate the speed, especially 
if it becomes too bigh. Fig. 103 shows how the speed changes 
with increasing current, in the case of a well-known series motor 
used on many street oars. Note the change in speed, when the 
current rises from 50 to 60 amp. (690 to 625 r.p.m.) compared with 
that when it rises from 10 to 20 amp. (2320 to 1230 r.p.m.). 
This is because when the larger currents flow the magnetic circuit 
ia nearly saturated; the increase of 10 amp. is therefore ac- 
companied by A very small increase in flux, and so only a small 
decrease in speed causes the necessary decrease in counter e.m.f. 

90, Compound -wound and Interpole Motors. — Motors with 
compound-wound fields have some practical uses. They are 
compounded difTerentially if the Beries winding magnetizes against 
the shunt winding, and have a cumulative coAipound winding if 
both magnetize in the same direction. Motors with differential 
compounding h&ve a more constant speed than corresponding 
shunt motors; they may even increase in speed with increase of 
load. When load increases the counter e.m.f. must diminish, and 
if the field is properly weakened as the larger current flows in the 
armature, this diminution may be accomplished without any 
diminution in speed. A diSerential series winding will automatic- 
ally produce this weakening of the field as the load changes. 

A motor with cumulative compoundii^ changes speed with 
change of load more than would the corresponding shunt motor. 
Such motors are used for service where a very strong pull is 
required under certain conditions. In elevator service, for ex- 
ample, a very strong starting pull is secured by this means, and 
therefore rapid acceleration. At the same time the shunt field 
maintaining a strong magnetization helps to keep the speed from 
wide variations after starting and under changes of load; in fact. 
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sometimes current is only allowed to flow in the eeries field while 
the motor is starting. A motor driving a set of rolls for bending 
iron must pull very hard for the very short while the operation is 
going on and yet must not run at excessive speed when the machine 
is running "empty." A motor with cumulative compound field 
winding is best for this, provided with a shunt winding just 
strong enough to prevent excessive speed being reached on light 
load. 

Many motors which operate with variable field strength are 
equipped with inlerpoles. Interpoles are auxiliary magnet poles 



placed between the regular magnet poles of the machine. A four- 
pole machine, for example, usually has four. They are much more 
slender than the regular poles and are wound with a series winding. 
Their purpose is to provide a magnetic flux just right to secure 
sparklesB commutation. In order to have the current in one coil 
after another reversed as it passes through short-circuit under a 
brush, it is necessary to have just the right e.m.f. generated in 
that coil. The resistance of carbon brushes alone will not do it. 
The amount of this required e.m.f. must be larger as the current 
to be reversed becomes larger. By using interpoles on which a 
series winding is placed, just that flux can be provided which will 
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generate the proper e.m.f. for any current flowing and for any 
fluctuations of current without the need of shifting the brushes, 
so often inconvenient, impossible with rapidly fluctuating loads, 
aad at best a matter of guess work. Fig. 104 shows such a motor. 
The interpoles are easily identified, between the larger main field 
poles. 

91. Motor Bffldency. — Motors are subject to the same losses 
as dynamos; hence they have similar efficiencies. There are /*H 
losses in field and armature, hjrsteresia and eddy losses, and 
friction losses. Motors are always rated on their output. A 
lO-hp. motor having a full-load efficiency of 3$ per cent, would 
have to receive 10 + 0.85 = 11.76 hp., or 8773 watts. At 220 
volts this means 39.9 amp. For motors of ordinary commercial 
sizes on 220-volt circuits a pretty close estimate of the full-load 
current they will take is made on the basis of 4 amp. per horse- 
power. 

The efficiency of motors varies with the size of the machine. 
The following table shows probable values: 

J^ hp,, 46-60 pet cent. 5 hp., 82 per cent. 

H hp-, 60-65 per cent. 10 hp., 85 per cent. 

1 hp., 70-75 per cent. 26 hp., 90 per cent. 

92. Aimatuxe Reaction and Commutation. — Armature reaction 
is present in motors as it is in dynamos, but it is of no importance 
in connection with efficiency. The flux distortion which it pro- 
duces results in a need to shift the brushes from the no-load neutral 
line against the direction of rotation to suppress sparking, as may 
he seen by applying the method of section 37 to Fig. 101. The 
sUght weakening of the field which armature reaction produces 
will cause a motor to run a httle faster than a calculation (which 
ignores this matter) would indicate. Should the field circuit of a 
shunt motor develop an open circuit, or that of a series motor 
become short-circuited, the motor might have enough field due to 
armature reaction to run without load, but the field would be 
so weak that the motor would "run away." It would slow down 
and stop if a load were applied. This effect is more likely to show 
itself if the brushes have been shifted away from the no-load 
neutral line. 
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93. Motor R&tiiigs and Speeds.— Motors are rated at a certain 
tiorsepower on the basis of their rise of temperature when operat- 
ing under full load, never because their limit in power produced has 
been reached. Most motors can be overloaded several hundred 
per cent, for a short while without being harmed, provided the 
sparking at the brushes does not become too serious. Motors for 
driving machine tools and for continuous service are rated like 
dynamos (see section 59). Those for traction, crane work, etc., 
are given special arbitrary ratings which need not be considered 

The load which any motor can carry continuously is not only 
determined by the current through it and so the heating effect 
produced, but by the temperature of the room where it is placed 
and the way it ia enclosed. Some makers supply motors either 
open, partly enclosed, or completely enclosed. The more a motor 
is enclosed and the less freedom of radiation of heat and air circu- 
lation there is, the smaller the power which can be continuously 
produced. Here are some figures from a well-known maker's 
catalogue. 



Frame 


Speed 


Rating in horsepower 


<"•■ 


Partly ennliwiJ 




AW 


850 


20 


1S.S 


11.0 



Fig. 105 shows the same motor open and also partly en- 
closed. To be fully enclosed the cover plates must be solid and 
there must be no opening to the interior around the bearings. It 
may be noted by referring to Fig. 105 and then to Fig. 104 that the 
bearings of these motors, as in a majority of modern commercial 
machines, are simply mounted in end shields; that is, have the 
bearings mounted in cast-iron end shields which fit against the 
circular yoke in a machined joint and are held in place by four 
screw bolts. Hence it ia possible to remove the bolts, move the 
motor around (not the shields), and then replace them so the 
base of the motor is properly placed for mounting on a side wall or 



by Google 



130 APPLIED ELECTRICITY [Chap. VHI 

on the ceiling, without interfering witli the proper position of the 
oil reservoir under the bearings. 

No estimate of the power of a motor can be made from its size. 
Suppose a certain motor is a lO-hp. machine making 1000 r.p.m. 
supplied from a 220-voIt circuit. If the armature is removed and 
another winding put on which has twice as many turns per coil 
the machine becomes a 5-hp. motor making about 500 r.p.m. 

If the original armature winding had a. resistance of ^o ohm and 
40 amp. is full load, the heat developed there continuouely ia 320 
watta, because 0.2 X (40)' = 320 watts are spent there. With the 



FiQ. 105. 

new winding tind 20 amp. flowing the heat loss is 0.8 X (20)' = 320 
watts. Hence 20 amp. (corresponding to 5 hp.) is all that can be 
allowed to flow continuously. The speed must drop to about half 
the fomier value since twice as many wires are cutting the same 
flux as before. Hence for the same counter e.m.f. generated the 
machine makes only half the speed. 

It is rather uncommon for the speed of a motor to be the same as 
that of the machine driven. By considering the data just given 
it will be seen that a slow-speed motor must always be more ex- 
pensive than one which runs at high speed. Motors are therefore 
connected to the apparatus they are to drive by belts over pulleys 
having suitable diameters, or through gears. Sometimes a counter- 
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shaft and gear are mountied directly on a motor, the gear meshing 
with a pinion on the motor shaft. The relation between motor 
speed and speed of driven apparatus may be determined by the 
application of one of the following proportions: 



1. of motor 



r.p.m. of driven shaft 
diam. of pulley on shaft _ 
diam. of pulley on motor 
r.p.m. of motor 

r.p.m. of driven shaft 

pitch diam. of gear on shaft 

pitch diam. of pinion on motor 

r.p.m. of motor 

r.p.m. of driven shaft ~ 

number of teeth in gear on shaft 

number of teeth in pinion on motor 

The pitch diameter of gears is the diameter of the wheels which 
replacing them and rolling in contact would produce the same 
Speed of the driven shaft as is produced by the gears. It is 
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always wise not to make a very large difference between the 
diameters of pulleys on motor and shaft because the belt will not 
drive over the small pulley without slipping. It is never safe to so 
pick pulleys that a cast-iron rim is to run at more than 3000 ft. per 
minute. 

M. Control of Starting Current. — At the time of starting, a 
motor cannot be connected directly to the line because an enor- 
mous current would flow. A 1-hp., JlO-volt motor might have an 
armature resistance of 1 ohm, and if while at rest and developing 
no counter e.m.f. it were connected to the circuit, 110 amp. would 
flow through it, or about 15 times full-load current. This will not 
do for a number of reasons. A very serious mechanical shock 
would be given to the motor and all its parts; an abnormal current 
will blow fusee and make trouble at other parts of the distribution 
system ; the enormous pull would throw off the belt or produce an 
acceleration of the driven machinery which is utterly impractical 
for it to sustain. The usual method of controlling the current at 
start is to put resistance in series with the armature. When 
motors have shunt fields the fields are connected across the line 
without series resistance so they may have full strength at start- 
ing. Fig. 102 shows the resistance properly placed for starting 
a shunt motor. Any conductor from a water rheostat to a set of 
cast-iron grids may be used for this resistance. Its section must 
be large enough to carry the current which must flow in it without 
too much heating. Its amount must be great enough to limit 
the starting current to a reasonable amount. It must be arranged 
so that as the motor gathers speed the resistance can be cut out 
one step at a time until the armature is directly across the line. 
In ordinary practice for motors of moderate size, one and a half 
timra full-load current is allowed to fiow through a motor at the 
instant of starting. 

After the motor starts, the current is bound to diminish since 
the counter e.m.f. rises with increasing speed of the machine. 
Hence resistance may be cut out step by step, at each one the 
current rising and then falling again as the motor gains more 
speed. 

If the full-load current of a 2-hp. 1 10- volt motor is 17 amp., one and 
a half times full-load current or 25.5 amp. would flow at the instant of 
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starting, if the resistance of the armature circuit were wr^ = 4- 31 
ohms. If the armature resistance were 0.81 ohm, 3.5 ohms should 
therefore be put in the starting box. 

It is further assumed in good practice that current will not be in 
the resistance of the starter more than 15 sec, and that it will not 
have current on except at considerable intervals, and that the rise 
in temperature under such use will not be more than 300°F. 
Some machinery such as that having heavy flywheels is very hard 
to start or must not be started too quickly. A starter specially 
designed to stand the starting current for a longer time without 
overheating must then be used. 

96. Starter with no Voltage Release. — If an ordinary rheostat 
is used as a motor starting box there is danger that when the main 
switch is opened or the power suuply is interrupted for any cause 
the rheostat would be left short-circuited. If then the current 
were turned on again, fuses will be blown or the motor and con- 
nected machinery endangered because the motor is at a standstill 
and the rheostat short-circuited. Hence common practice makes 
use of a starter which automatically restores itself to proper 
starting conditions when the circuit has been interrupted. 

Fig. 107 shows such a box and Fig. 108 a diagram of the proper 
connections. From the diagram it will be clear that after the 
main switch is closed, the motor circuits are open until the sweep 
arm L is moved toward the right and touches contact C. There 
are then two paths for current, one from C through magnet M 
and the shunt-field winding, the other through the resistance of 
the rheostat and the armature. Since magnet M has a resistance 
whose amount is only 1 or 2 per cent, of that of the field, the motor 
is started with full-field strength and that amount of current 
through the armature which the rheostat has been planned to 
admit. As the arm L is moved further, resistance is cut out of the 
armature circuit and introduced into the field circuit until, when 
in its extreme "full on" position, the armature on it (a) is held 
against the poles of magnet M and this magnetic pull prevents the 
sweep arm being returned by the operation of the spring wound 
on its hub which is now in tension. When arm L is in this position 
the motor armature is connected directly across the line and the 
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rheostat resistance is in series with the field. Since this is small 
compared with the resistance of the field winding it does not pro- 
duce any material effect on the operation of the motor. 

Using such a box the process of starting a motor is to close the 
main switch and then move the sweep arm slowly over the con- 
tacts so that current will not rise too high as step after step is 
passed, until it is "full on" and the mt^net holds it in position. 
To stop, the main switch is opened. As the motor slows down the 
spring on the sweep arm L presently pulls the arm back to the off 
position and the motor is ready for starting again. Should 
voltage fail due to fuses blowing or any other cause the spring will 
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Fig. 107. 



Fia. 108. 



throw the sweep arm back to its proper starting position. It 
should be noted that when it does so return, because of the way 
connections are made, the field circuit is not opened; and so there 
is no flash as the contacts separate, nor is there a high e.m.f, 
generated in the field winding which might endanger its insulation. 
It may be further noted that an auxiliary contact button is placed 
at C on which the circuit is finally broken. This is out of line with 
other contacts so that any burning which occurs there will not 
spoil the good electrical connection between arm L and the regular 
series of buttons. 

There are many ways of designing and buildii^ starting boxes. 
The method used for the particular one just described is shown in 
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Fig. 109 where the same box is shown but with the front removed. 
Here are shown a number of asbestos tubes on each of which iroa 
wire is wound in a spiral. All the tubes are alike, but by suitable 
taps along their length, connecting them in series or parallel, any- 
desired resistance and carrying capacity can be secured. Another 
construction much more safe against fire risk employe an iron box 
wholly enclosed, in which wire coils which cany the current are 
buried in sand. The box now described would only be suitable 
to manage the starting current for small motors of a few horse- 
power. It is equally available tor compound motors and for series 
motors if magnet M, with resistance in series, is connected directly 
across the line. 



Fio. 109. Fig. 110. 

96. Autconatic Overload Release Starters and Regulators. — ^A 

regulator is a rheostat designed to carry current continuously. 
By using a construction- similar to that described in the last sec- 
tion, providing a notched sector or fan tail on the lever (shown at 
K in Fig. 1 10) and pivoting the magnet armature at a, it now being 
equipped with a spring steel hook, the no-voltage release features 
are retained while the lever may be placed at any desired position 
in order to secure speed control. The box in Fig. 110 is also 
equipped with an automatic overload release mt^net and switch 
which is shown more fully in Fig. 111. Should the main current 
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rise in magnet iV to a value great enough to raise its armature, the 
cootacls b will be bridged and so the magnet M short-circuited. 
This will release its armature and the lever L will swing back to the 
"off" position opening the circuits. The current at which this 
action occurs is under control by setting the adjusting screw S 
which determines the height the armature must be lifted. The 
amount of current required to lift it for any setting is given by 
marked values on a plate p (see Fig. 110). This magnet is not only 
useful as an overload release or circuit-breaker, it also serves a, 
useful purpose as a rough current indicator. On account of 
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corrosion of the contact making parts thia device is not very 
reliable. 

A more expensive arrangement of overload release is shown dia- 
grammaticaUy in Fig. 112. The sweep arm is spring connected 
with an arm B which is the blade of a main switch. With the 
lever in the position shown in the figure the spring is in tension 
(see Fig. 113). Should current supply fail the armature of M 
is released and the sweep arm returns to its "off" position. 
Should current become excessive, magnet iV releases a trigger by 
the action of an iron rod which is drawn up within it, knife switch 
B opens and the current supply is cut off. (Fig. 114 shows this 
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result.)- In this event if the motor is to be restarted switch B 
must first be closed by movii^ arm Z. to its "off" or correct 
starting position. For this device to be successful the switch B 
must be very easy to open. It is available only for motors of a 
few horsepower. 



Fig. U3. Fiq. 114. 

d7. Automatic Starter with Solenoid. — In many cases motors 
must be started and stopped from a, distant point. Examples 
may be found in motors driving ventilating fans, elevators, dumb 
waiters located at some distance from the point where their control 
is required; or motors on pumps which must be automatically 
started when a tank empties and stopped when it has been filled. 
In Jig. 115 is shown such a starter. The main switch shown at 
the upper left-hand part of the figure is closed within an "arc 
chute" of non-conducting material by means of a mt^net located 
below it. Current is then admitted to the lai^e solenoid and the 
motor. Thp solenoid piilla on its plunger against the restraint 
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of the dash pot,' gradually cutting out reeiBtance. Mg. 116 
showB the electrical connections. By studying this diagram we 
may see some important details. After the main switch has been 
closed current cannot flow until a connection is made between wires a 
and b. On making this connection by any sort of switch device 
current flows from + line through a "blow-out" coil' above d on 
through magnet winding c, through resistance n and out to — line 
through sweep arm L. The magnet operated switch pivoted at 
e and operated by current in c 
immediately closes both at d 
and /. In the diagram it is 
simplified to make the connec- 
tion clear. Through d current 
passes in three paths; through 
e, g, motor Vmature to h, 
through resistance J and out to 
— line; through shunt field by 
a path easily traced; through/, 
winding of solenoid S, through 
r and so to — hue. The motor 
starts to revolve and solenoid to 
pull sweep arm L over the con- 
tact plates at j. As soon as L 
Fig. 115. begins to move, it parts com- 

pany with the contact plate 
shown directly below it and thus a resistance m is inserted in 
series with the magnet c of the main switch. As it moves further 
more and more of the resistance in the starter is short-circuited 
until as the plunger completes its stroke a flexible copper bridging 
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piece spans the space blocks i and q positively short-circuitii^ 
all the resistance ia the starter, while a rod on the sweep arm 
marked o striking the piece r which is hinged on q opens its contact 




at p and inserts resistance in series with solenoid S. The operation 
is thus complete. The rate of cutting out resistance is determined 
by adjustments in the dash pot (see Fig. 115). Hence this sort 
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of starter is often called a time-limit device. Tlie rate of cutting 
out resistance is independent of the current to the motor. To 
stop the motor, open the switch connecting a and b. The main 
switch then opens, the solenoid lets go and things are at once 
restored to starting conditions. 

98. Reverting Motor Starter.— In many cases wben a motor is 
to be reversed the starter is so arranged that by swinging the sweep 
arm one way one direction of rotation of the motor is secured, 
while if swung the other way the motor reverses. Fig. 117 shows 
how this may be done, the current being reversed through the 
armature and the same resistance made use of for starting in either 




Fig. 117. 



direction. If blocks aa' on tlie sweep arm are swinging clockwise, 
line current comes in through strip dto a, then to c, through the 
resistance of the whole rheostat to g, then through the armature 
from right to left, to strip /, through a' to e and so on out to the 
line. Examination of the figure will show, how, as motion is 
carried further in a clockwise direction, resistance in series with 
the armature is cut out; or how by a reverse motion of the sweep 
arm, current flows the other way through the armature and re- 
sistance is cut out. 

99. Motor Starter of Current-limit Type. — In a great many 
kinds of work a starter is used which operates automatically to 
cut out resistance, the rapidity with which this is done being under 
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control of tlie current flowing to the motor and out of control of 
the operator. Such Btarters are being used so extensively that 
one type will be described here. In Fig. 118 the connections for 
such a starter are shown. The heavy lines show the routes for 
the main motor current. Each of the switches Si, 5j, St, St, is 
operated by a magnet Mi, Mj, Mj, Mt. Such switches are 
known as contactors. Fig. 119 shows what one really looks like. 
Ti, Tt, Ti, are series relays; they are in series with the armature 
and the main current passes through them. The black rectangle 
between switch blade and bridging piece at o, p, and q indicates 




Fio. 118. 



insulation. As shown, the starter operates under the control of 
Sf pressure gage, the motor being one to drive a pump whose duty 
is to maintain proper pressure on some apparatus. The method 
of operation will now be described. The main switch is closed. 
As pressure falls the curved tube in the gage bends down until a 
contact closes at L. Current then flows from the + main by way 
of a, L, b, c, magnet Mt, resistance ri, to — line at e (note that 
resistance r^ is short-.circuited by line through q, -p, u, t). The 
first contactor now closes and through Si current passes through 
the whole starting rheostat, armature, and series field. The 
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shunt fidd also b directly across the line, /represents a "blow- 
out" coil put on this contactor at which the circuit is broken 
when the motor is stopped. The route of the main current is 
through iSi, /, g, relay Ti, Ri, Ri, Rt, to armature. When the 
contactor closed, a circuit through Mi was closed at h; but the 
lai^e starting current in Ti has lifted a plunger and now the circuit 
through JWj is open at i. In the meantime, since the motor has 
started, pressure is rising and the contact at Z- is opening. Con- 
tactor Si is kept closed, however, since Mi receives current by 
way of the lower contact at h. 
As the motor speeds up and 
the current through Ti dimin- 
ishes, it letsits plunger drop un- 
til i closes, ilf J then receives 
current and contactor Si closes. 
That section of the rheostat 
marked R\ is now short-cir- 
cuited and the increased cur- 
rent flowing to the motor goes 
by way of Ti which lifts its 
armature from contacts at K 
thus preventing current flow- 
ing through M in spite of the 
Fig. 119. contact at j closing. The 

opening of contacts at q have 
put resistance r, in series with Mi, but it stays closed with re- 
duced current in it. As the motor further increases in speed 
and so current drops, the contacts at K close. Current now 
flows through Mj; another section of the rheostat, Rt, is short- 
circuited by the closing of contactor Si; its series relay Tt 
rises opening contacts m until current falls again. When these 
contacts close magnet M^ receives current, and the closing of S^ 
short-circuits the whole rheostat through the heavy connection 
down from g and them to the right in the diagram. When S( 
closes the contacts at o open. This opens the circuit of M-,. 
Hence Sj opens and opening j, M, also opens. Mi does not open 
since contact n has closed; resistance r, has been inserted in series 
with it, however, so a reduced current flows in it. Contacts at 

D,q,i,i.:dbvGoogIe 



Chap. Vm] DIRECT-CURRENT MOTORS 143 

p opening prevent a short-circuit on n due to the closing of g as Si 
opens. The motor is now operating at full speed; the whole 
sequence of operations described may not have required more 
than five seconds, but they have been done in such order and under 
such control that the current during the starting period has been 
kept between fixed limits. When pressure has reached the desired 
maximum contact H closes. As a result magnet Afi is short- 
circuited, contactors Si and St both fall open and the motor stops 
with the circuits in correct condition for starting. 

100. Drum Controllers. — When a motor is not only to be 
started but in connection with its use various circuit combinations 
are required, a band-operated drum controller is commonly used, 
A drum controller is a sort of cylinder switch by revolving which 
various connections and combinations are possible. Fig. 120 
shows a view of such a controller; at the right stands the cover now 
removed. In this view the cyUnder is shown with a number of 
copper contact strips mounted on it. At the left side placed in a 
vertical row are a number of fingers, spring supported (see detail, 
Fig. 120a), wUch make contact with and bear down firmly on 
the strips, when by the rotation of the cylinder the strips come 
under them. Each finger has a circuit connection terminating on 
it which comes from motor, armature, field, rheostat, or other 
device. At the top of the cylinder out of sight under the cover 
(see detail, Fig. 120o) there is a star-shaped wheel, in the notches 
and over the points of which a spring supported roUer rides when 
the cylinder is revolved. When motion is given the cylinder, 
therefore, a resistance to rotation is felt as this roller mounts one 
of the points of the star; and as it drops into a notch it defines the 
point at which the cyhnder stops. An operator "feels" these 
notches and usually speaks of giving the motor 1, 2, 3, 4 notches 
as the case may be. In Fig. 121 is shown a diagram of a very 
simple form of drum controller. The fingers are shown as small 
black circles in a vertical row at the left. The contact strips 
on the cylinder are spread out at the right, with their intercon- 
nections clearly shown. The vertical thin hues marked 1, 2, 3, 
etc., define the "notches" at wliich the controller stops, I being 
the first notch as the motor is started. Fig. 122 shows the con- 
nections established by setting the controller on the first notch. 
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Current now flowa from + main to finger a into strip m, to strip 
n through finger h to motor armature, back to finger c to Btrip 
o, to strip p, into finger d, through rheostat and series field to 
the other side of the circuit. As successive notches are passed 



Fia. 121. 



FiQ. 122. 



more and more resistance is short-circuited untU at the fifth notch 

the whole of it Is short^irCuited and the motor is connected 

directly across the line. To make this quite clear suppose the 

cylinder is revolved to the third notch; then since the strips m, n, 

0, p are all continuous, no change in connection of 

line to armature or armature to rheostat has o 

curred. But strips g and r are both in contact with i 

finger e and /, hence the real connections are 

shown in a simplified diagram in Fig. 123 from ' 

which it is clear that all but the last section of the 

rheostat is short-circuited. 

If the strips shown had covered only half the 
. cylinder, and on the other half (to the left of the 
fingers but in reversed arrangement) an exactly 
similar set of strips had been found, but with the Fio. 123. 
strip m connected to o and n to p, revolving the cyl- 
inder in the other direction would reverse the direction of rotation 
of the motor; for current would have flowed through the arma- 
ture in the reversed direction. 
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Drum coatrollers are mucli used with series motors particularly 
.in railway work. Then two or more motors are liandled by a 
controller in order to secure desirable starting conditions and speed 




changes. In a practical controller the arrangement of contact 
strips and fingers become quite complicated. A simple diagram 
therefore, is all that will be given in order to show how a change of 
connections between two motors from series connection to parallel 
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can be made by rotation of the controller cylinder. The circuit 
connections can easily be traced by examining the diagram of 
Fig. 124, On notch 1 the two motors are directly in aeries between 
trolley and track and divide the line voltage between them. On 
notch 2 (preparatory to connection in parallel) the resistance R is 
introduced in series with them. On notch 3 the motors are con- 
nected in parallel, the resistance being in series with both; on 4 the 
resistance is cut-out by being short-circuited. A form of street 
railway motor, of drum controller, and of rheostat, are included 
in Fig. 124. The rheostat would be used in place of R in the 
diagram. The controller provides for cutting off trolley connec- 
tion, for varying the amount of the rheostat in use, and for 
reversing the motors. 

The drum-controller principle is also made use of in heavy 
traction work in such way that the controller does not furnish the 
means of forming contacts for the motor circuits, but becomes a 
master controller wheJe small currents in control circuits are 
manipulated and the main-motor circuits are managed by con- 
tactors (similar to those described in section 99). The control 
circuits determine which contactors shall close or open in order to 
secure a particular set of connections just then required. The 
subject is far too large and complicated to consider here. 

QUESTIONS AND PROBLEMS 

1. (a) For the motor armature shown, determine the direction of 
rotation when current flows aa indicated. Mark direction of current 
flow on the winding when detennining this. 

(6) If the magnetic flux were doubled in 
amount and armature current kept constant, 
how much would the pull for rotation be 
altered? How if the armature winding had 
twice the number of turns shown and the 
same armature current flowed? 

2. A 2-hp. motor on a 220-volt circuit has 6H amp. flowing to 
it from the line. Is it heavily loaded or not? What size (current 
capacity) fuses would you use for this motor? 

3. A certain shunt dynamo is generating 240 volta when running 
at 1200 r.p.m. When it is used as a motor it is running at 1100 r.p.m. 
How many volts is it generating? Make a diagram to show the motor 
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connected to a constant-potential circuit, marking the + brueh and 
the direction the current flows in the field winding. Also mark the 
direction of the e.m.f. in the armature. 

4. A certain shunt motor connected to a 110-vott conBtant-poten- 
tial circuit has a field which has 55 ohma resistance and an armature 
which measures 0.12 ohms. 42 amp. flow to the motor from the line. 
How much flows through the armature? Howmany volts back e.m.f. 
is the motor generating? 

5. A shunt motor on constant-potential circuit has a back e.m.f. of 
110 volts. The armature resistance is 3^ ohm. If the applied e.m.f. 
is 115 volts, how much current is flowing through the armature? 
If the field current is 0.8 amp., how much power is being supplied to 
the motor? 

6. A certain 10-hp. shunt motor on 225-volt circuit has 2 amp. 
flowing through the armature while running "free." It has then a 
speed of 1120r.p.m. The armature resistance is H ohm. If the load 
is increased to such an amount that the current flowing is 10 amp., 
what speed has the motor? What speed when operating under a, full- 
load current of 40 amp. 7 What is the per cent, decrease in speed 
from no load to full load? 

7. Make a diagram for a shunt motor on constant-poteDtial circuit 
to show how a simple rheostat could be used for a starting box. 
How much resistance should it have to hold the current at start to not 
over 150 per cent, of full load if the motor name plate is marked 5 
hp., 220 Tolts. (Approximate the answer only.) 

8. (a) Make a diagram of shunt motor connected to line through a 
starting box of the sort having the external appearance here shown. 

How much resistance should one have for a 2-hp., 
230-volt shunt motor which has an armature resis- 
tance of 1 ohm, to keep the current to 10 amp. at 
starting? 

(6) Calculate the current flowing (a) when the 
motor e.m.f. has reached 46 volts (6) when it has 
reached llSvolbs. The starter is left in circuit with- 
out moving the sweep arm. 

(c) The motor is running with all resistance of the 
starter cut out. Someone pulls open the main switch. The spring 
on the sweep arm of the starter does not pull it back to starting posi* 
tion for a full halt minute. Explain. 

fl. Aahunt motor on 250-volt circuit is connected to driveahydrau- 
lic plunger pump. The current through the armature is 50 amp. and 
it is making 1200 r.p.m. A resistance of 2.S ohms is put in series 
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with the armature in the seoond case. Calculate counter e.m.f. for 
both cages. They are in proportion to the respective speeds. 

10. A motor like that of the last problem is driving a machine tool 
and takes 60 amp. through the armature, (a) To make it run at 900 
r.p.m., how many ohms must be put in series with the armature? 
(Calculate counter e.m.f. for 1200 r.p.m.; ^ of this will be the amount 
for 900 r.p.m. Find the necessary apphed e.m.f. and so the number of 
voltB spent in the resistance. The amount of resistance to be used 
can then be determined.) (b) The !oad now drops so only 10 amp. are 
required. Calculate the motor speed. (Calculation almost as for 
No. 9.) 

11. How would you manage to reverse the direction of rotation 
of a shunt motor on a constanl^potential circuit? Show diagram with 
starting box, both before and after the motor is reversed. Make the 
problem very practical. Think of an actual motor rather than 
simply of the diagram you have made. 

12. An electric motor runs at 1800 r.p.m. and is belted to a counter- 
shaft. The pulley on the motor is 6 in. in diameter and the pulley on 
the countershaft is 24 in. in diameter. What is the speed of the 
shaft? Recalculate when the motor shaft has a pinion on it with 28 
teeth, meshing into a gear on a countershaft which has 168 teeth. 
The speed of countershaft is wanted. 

13. A series motor has a field and armature resistance each of 0.4 
ohm. What counter e.m.f. has it on a 125-volt circuit when 10 amp. 
flow through it? Can you see any reason why it should slow down 
badly when 20 amp. flow through it? (Consider counter e.m.f. 
formula.) 

14. Two series motors are under a street oar. One-fourth ohm is 
the resistance of each armature and each field. On a certain stretch 
of track at constant speed and with motors in series the current from 
the line is 40 amp. How much when the motors are in parallel? 
(Consider how hard they have to pull in each case to get at the current 
through each for both cases.) How fast will the car go with motors 
in parallel if the speed is 8 miles per hour in series? (Calculate counter 
e.m.f. in both cases and compare them.) 

16. Design a drum -controller arrangement for a series motor so 
that for three positions of the drum the following are secured. Posi- 
tion 1, motor runs in one direction; position 2, motor has current cut 
off; position 3, motor runs in reverse direction. 
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MOKE PRINCIPLES 

101. Calculating Combined Resistance. — By the combmed 
reaiatance of several conductors is meant that single resistance 
which might replace them and no alteration in the amount of 
current flowing in the circuit occur. Certain special and very- 
common cases have been discussed earlier in the book (see Chap. I, 
section 11). These included the combined resistance of any 
number of thii^ in series, without regard to the amount of re- 
^_^__^^^_^____ sistance of each one of them, and the 
T T~ JL _ combined resistance of any number of 

i Y I things in parallel provided all were of 

Fio. 125. equal resistance. In many cases on 

constant-potential circuits, no matter 

how different the resistance of different devices, their combined 

resistance can be calculated since the current through each 

can be calculated as well as the total current. 

Suppose two lamps in parallel on a circuit as shown in Fig. 125. 
The resistance oiAia 120 ohms; that of fi is 60 ohms. The combined 
resistance may be calculated thus. Current through A is 1 amp.; 
through B, 2 amp.; total current supplied to the two, Samp. Resist- 
ance equivalent to both together is therefore 



120 



40 ohms. 



There are many cases, however, to which no method so far given 
can be applied. For such cases the following formula may be 



In this r' and r" are the separate resistances in parallel and R 
their combined resistance. 
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Applying this formula to the case shows in Fig. 125 we write 
jf _ 120X60 _ 7200 
120 + 60 180 ° 



' 40 ohms. 




The same formula may be employed in calculating the resietauce 
of any number of devices connected in parallel. 

In Fig. 126 let the refiistanoea of the various parts be as follows: A, 
20 ohms; B, 6 ohms; C, 24 ohms; D, 8 ohms; E, 5 ohms. 

Find the combined resistance from X to Y. 

Take the resistances two at a time. 

Combined resistance of A and B, Ri > — — 

Combined resistance of C and D, Rt ■■ 

Combined resistance of A and B, C and D,R^ ^r-r 
4 + ' 

Kesistance from X to f, 6 + 2.4 — 7.4 oiims. 

It may be remarked that the result is independent of the 
presence of current and without regard to 
the direction current flows or may flow. 
The formula holds good for any resistance 
no matter how high or how low. In ap- 
plying it in practice with low resistance, 
the variable and uncertain amount of re- 
sistance at contacts and connections must 
be remembered. 

103. Change of Resistance wiili Change 
of Temperature. — The resistance of all elec- Fiq. 126. 

trical conductors changes with tempera- 
ture. The change of resistance is due simply to change of tempera- 
ture without regard to whether this is caused by flow of current or 
not. Sometimes the change in resistance is enough to require that 
a definite allowance be made for it. Sometimes it is important to 
know that the change is too small to count even when the tem- 
perature rise is large. Ordinary simple metal conductors such as 
copper, tin, aluminum, zinc, etc., change resistance about Ho 
per cent, per degree C change in temperature. All metallic 
conductors increase in resistance with rise in temperature; carbon, 
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liquids and non-metallic conductors decrease in resistance as their 
temperature rises. Alloys change in resistance far less than this. 
German silver changes only about ^(,0 per cent, per degree, while 
certain alloys used in commercial electric furnaces, etc., may chaise 
no more than half a^ much. Irou changes resistance most of all, 
altering J<o per cent, per degree. 

A motor atarting and regulating box ia made of iron wire. It has 
a reaiatanoe of 10 ohms. The motor being under full load the tem- 
perature of the wire in the starter rises 200°C. The increase in re- 
sistance will then be 200 X 0.6 = 130 per cent, for the total rise of 
temperature. Hence the increase in ohms will be 10 X 120 per cent, 
or 10 X 1-2 = 12 ohms. The resistance when hot will therefore be 
10 + 12 = 22 ohms and this will not only have a serious effect on the 
operation of the motor but will cause the heating effect {I'B) in the 
starting box to be more than doubled. 

In rheostats, electric heating apparatus and even more in 
resistance standards it is very desirable to have material which will 
change very little with change of temperature. 

It must be understood that the statements above are only suffi- 
ciently exact for approximate calculations. For exact calculations 
much more refinement is necessary and for this appropriate 
treatises should be consulted. 

103. InsulatiOD Resistance. — There is no perfect insulator. 
Air is the best insulator we have; its resistance is beyond measure- 
ment. Current flows through insulators according to Ohm's law. 
Insulation resistance is like conductor resistance in' that as the 
length of path for current increases the resistance increases pro- 
portionately, while as the cross-section of the path increases the 
resistance decreases according to an inverse proportion. Com- 
pared with the resistance of conductors that of insulators is enor- 
mous. It is measured in megohms (millions of ohms). As an ex- 
ample of insulation resistance, it may be stated that the resistance 
of a piece of rubber insulation 1 in. long and 1 sq. in. cross-section 
may be 150,000,000 megohms. To get high insulation resistance, 
the path through which current passes must be made long and of 
high resistance material. 

The insulation resistance of insulated wire is generally stated in 
megohms per mile. In Fig, 127 is shown one end of a wire covered 
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with insulation and then with a lead sheath. The insulation 
resistance would be counted from the wire through the insulation 
to the lead. The length of the path for current flow is therefore the 
thickness of the insulation marked I in the view in which the insula- 
tion and sheath are peeled off the wire, while the cross-section of 
the path is the distance around the wire multiplied by its length — 
X X Y on the right-hand view. On this basis 
the following problem may be solved; 

A lead-covered cable h&a an insulation resist- 
ance of 50 megohms per mile, (a) How much ! 
current at 500 volts between conductor and sheath 
will pass through the insulation of a 20-mile . 
cable? (b) Another rable is like the first except | 
that the insulation is twice as thick. Under sai 
conditions how much current will pass through 
the insulation of a 10-mile cable? 

(a) A 20-mile cable will have a cross-section through which current 
will pass 20 times as large as a l-mile cable; hence the insulation re- 
sistance will be }io as much or 2.5 megohms. Through this 500 volts 
will send 

500 volts . „ „„ 

-27510.05 0,000 ohms = *'-''«*2 """P- 

(_b) Doubling the thickness of the insulation doubles the insulation 
resistance per mile. This would make the second cable 100 megohms 
per mile and 10 megohms for the 10-mile cable. Hence for this casp 
the current through the insulation will be 




10 X 



= 0.00005 amp. 



The currents calculated in these e^^amples are very small. 
Should, however, the insulation resistance of a 20-mile cable prove 
on measurement to be 2.5 megohms, that is 50 megohms per mile, 
it would be considered very low, for it may be that the low resist- 
ance is nearly all at one spot through which therefore nearly all the 
current flows. If so, since the insulator is a bad heat conductor, 
enough local heating may occur to gradually depreciate the in- 
sulation, further diminish its resistance and presently a bad ground 
or bum-out occurs. A low resistance in insulation is called a fault 
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Fio. 128. 



or ground. It may be so low that inBtead of millions of ohms it is 
only a few ohms or nothing. 

Insulation resistance of ordinary rubber-covered wires, supposed 
to be used for circuite at less than 600 volts, will be from 100 to 
200 m^ohms per mile. Extra quality insulated wire and wire for 
high volt^ie will run to 1000 or 2000 megohms per mile. 
Further consideration of Fig. 127 will show that there is a chance 
for current not only to pass from conductor to 
lead through the insulation, but also over its 
surface at the end. Surface leakage is a very 
important factor in many kinds of. insulation 
resistance. Fig. 128 shows a cross-section of a 
common double-petticoat glass insulator. A 
line of bare wire tied in the groove at A has 
its insulation resistance determined partly by 
the resistance through the glass to the pin and 
BO to crossarm and to the other side of the cir- 
cuit or the ground, but much more by leakage 
over the surface which is made long on purpose 
to avoid this very thing. A dirty surface slightly moist will make 
the insulation resistance very low. 

There Is another property of insulators which is of great im- 
portance when high voltage (500 or more) is in use. This is what 
is known as the breakdown strength. In Fig. 129 let m and n be 
conductors laid on opposite sides of a piece of insulation. If one 
of them is connected to one side of the circuit and the other to the 
other side tlie difference of potential acts 

through the insulation, not only to send a cur- m 

rent but to set up a mechanical strain. This 
strain may become so great as to cause a 
direct breakdown of insulation. The higher 
the voitf^e the greater this strwn. It by 
no means follows that whenever insulation fails it breaks 
down. Probably in a majority of cases the insulation resistance 
gradually deteriorates as stated earlier in this section, and a 
diminishing insulation reaiatancc indicates an approaching failure 
due to the heating and charring of conduction current. A pos- 
sibility of direct breakdown may be found between wire and the 
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lead sheath through the msulation of a. cable, between wire and 
wire of insulated circuita, between bare wirea through air space or 
the iDHulatorB on which they are supported. It may be found in 
any case where conductors are at a difference of potential and are 
supported on insulating materials. 

101. Di^uon of Current ia Branched Circuits. — The division 
of current in parallel or branched circuits is sometimes impossible 
to determine without the aid of a formula. Fig. 130 shows a 
rheostat R in series with a branched circuit of two resistances 
/ and r". No matter what the real value of R or / or r" may be 
or at what value B is set, the fall of potential from a to j> through 




either path must be the same. Call this fall of potential for 
conditions shown e, the current in r', i' and that in r", i". Then 



Things that are equal to the same thing are equal to each other. 
Hence 



from which it follows that 



If r* is 1 ohm 8ndr"is3ohina,howinuoh of the current which paasea 
through R flows in r' and how much in r"? 

t' : i" = 3 : I 

that is, ^ of the current is in i' and ^ in i". 
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The current in each branch may be worked out by the aid of a 
formuhi below which can be derived by algebraic methodB fromthoae 
just put down. (7 is the current in the line, or the Hum of the currents 
in the branches.) 

Referring to Fig. 130, if the current through R is 10 amp., r' is 2 
ohms and r" is 6 ohms, what current flows through each? 



For a check / = i' + i" = 7.5 + 2.5 = 10 amp. 

When a second path is provided for current in parallel with one 
which is perhaps the natural or important one, that path ia called 
a shunt upon the other. A shunt field of a dynamo has been re- 
peatedly referred to ; it is a path for 
current in parallel with the main 
circuit which diverts or shunts some 
of the armature current away in 
order to magnetize the field. In 
*•''■" many cases the shunt has lower re- 

■pjQ jgj^ sistance than the thing shunted, 

A particular case is that of an am- 
meter and its shunt. Fig. 131 shows the arrangement. The cur- 
rent divides between shunt and ammeter so that very little passes 
through the instrument. The ehunt is made separate so that an 
instrument can be disconnected without disturbing the circuit. 

Suppose the shunt shown in Fig. 131 has a resistance of 0.00012 
ohm and the ammeter 20 ohms. When 500 amp. flows down the 
mains 0.03 amp. flows through the ammeter. Suppose then the pointer 
stands at the end of the scale where 500 is marked. If now the cur- 
rent drops to 250 amp. in the mains, that in the ammeter will drop to 
0.015 amp. and so the pointer will be halfway along the scale where 
the mark 250 appears. 

105. ElectTomotiTe Forces in Parallel. — When two sources of 
e.m.f. are connected in parallel as shown in Fig. 132, the division 
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of current between them, and even the direction of current, is 
determined by the resistances in each source and the amount 
of each of the e.m.fs.; but however this may be, the difference of 
potential between a and b must be the same no matter through 
which source we go. This may' be illustrated by numerical 
examples to further explain the facts regarding the operation of 
dynamos in parallel as stated in sec- 
tion 72. 

1. I*t each dynamo, No. 1 and No. 
2, be ge&eratinf; 120 volts and each 
have a resistance of 0.02 ohm. If no 



a Hoi 



load is connected no current will flow, Yxa. 132. 

for around the only path there is 120 

volts opposing 120, and 120 volts is the difference of potential be- 
tween a and b. 

2. Suppose now such a load ia connected that 400 amp. flowsto Jt. 
If 200 amp. flows through each machine 200 X 0.02 = 4 volts must 
be spent in each and so each one is generating 124 volts if 120 volts 
is still found between a and 6. 

3. The same current still flows to the load and 120 volts is found 
between a and b. H No. 1 generates 122 volts, 2 volts are used in 
getting current through its 0.02 ohm or 2/0.02 = 100 amp. flows 
through it. If No. 2 generates 129 volts, S volts are used iu getting 
current through its 0.02 ohm or 6/0.02 = 300 amp. flows through it. 
The conditions aa regards load and terminal voltage are thus satisfied. 

4. Same current to load, and volts from a to b the same. If No. 1 
generates 120 volts no current can flow through it for there are also 
120 volts at its terminals. If No. 2 generates 128 volts, 8 volts are 
gone in it and so the current flowing through it must be 8/0.02 = 400 

From this set of examples it is easily seen that by lowering the 
volts generated by No. 1 and raising the volts generated by No. 2, 
the load (the current) is shifted from No. 1 to No. 2 until it may all 
be carried by No. 2 and none by No. I . Should the e.m.f . of No. 1 
be further lowered and of No. 2 raised, terminal volts still remaining 
at 120, the current from No. 2 would become larger, all above 400 
flowing back through No. 1 and driving it aa a motor. 

106. E.m.f. Generated by Change of Flua. — In an earlier 
section (section 31} the generation of e.m.f. by cutting flux 
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was explained. E.m.f. may alao be generated by changing flux 
through turns of conductor; in fact, in a majority of cases a clearer 
perception of the facta is obtained by thinking of the e.m.f. 
being generated by thia cause. 

la Fig. 133 an iron ring is shown with two coila wound on it. 
Suppose the switch iS to be closed. Current begins to flow in the 
coil A in the direction marked, and this sets up flux around the 
ring, clockwise as marked. The flux grows as the current in A 
grows. At the same time this same flux ia increaeii^ through 
coil B, and this will cause an e.m.f. in £ in such a direction that if 
it makes current flow thia would 
oppose the growth of flux. To 
oppose the growth it would have 
to flow so that the flux it would 
send would be against that set 
up by coil A. Hence the direc- 
tion marked for e.m.f. in B is as 

marked in the figure. As soon 

Fig, 133. ** *^^ current in .d ia established 

and has a fixed value, the fiux it 

sends around the ring is fixed in amount also ; and so since the 

flux through B is no longer rising, the e.m.f. which was there 

while conditions were changing in A is gone. 

In a similar way if the switch is now opened the current in A will 
cease and the flux through the ring drop to nothing (except for 
residual magnetism). Flux then drops to nothing through B also, 
and while flux is changing in it an e.m.f. will again exist there. 
If it sends a current it will be in such a direction as to oppose the 
diminution in flux; hence the current would be directed ao as to 
send flux the same way as marked or with the dying flux. The 
e.m.f. in B is therefore directed the opposite way to that marked 
when the circuit of A is broken. We see from this analysis, 
then, that a varying current in one coil will set up e.m.f. in another 
coll placed so flux from the one can pass through it, and that this 
e.m.f. will only exist while current is varying. Furthermore, the 
direction of this generated e.m.f. is one way at make of circuit in A 
(growth of current there) and the other way at break (dying out of 
current there). 
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The magnitude of the generated e.m.f. in B will depend on the 
number of turns in it: the more turns the more e.m.f. It also 
depends on the amount of flux through the ring due to A : hence the 
more ampere-tumB in A under steady conditions of current flow 
the more e.m.f. in B at make or break of circuit. It is also 
dependent on how quickly the flux changes: the quicker the change 
the lai^er the generated e.m.f. 

We may further note that when flux is changing through B, due 
to the increasing or diminishing current in j4, it is also changing 
through the turns of A. Hence e.m.f. is set up in coil A at the 
same time as in B. Making an analysis of its direction by the plan 
already stated, we will find that it will be directed against the 
dynamo e.m.f. at make of circuit and with the e.m.f. at break. 
The amount of e.m.f. per i/am of coil must be the same in A and B 
for it is due to the same flux changing at the same rate in both. 
The e.m.f. which a varying current in a coil induces in the coil 
itself is called its e.m.f. of self-induction. At make of circuit it can 
never be as large as the e.m.f. due to which the current flows, for 
it is due to a growing current. At break it may be of any amount 
depending on the rapidity with which the circuit is broken. A 
spark prolongs the break; a sudden opening of circuit or a means 
of suppressing the spark will greatly magnify the e.m.f. induced. 

The shunt field coils of dynamos which have in them a large 
number of turns on magnetic circuits through which large amounts 
of flux go may generate enormous e.m.fs. at break of circuit, 
enough to break through their insulation and ruin the coils. To 
generate a volt, flux must change at the rate of 100,000,000 lines 
per second. 

A certain dynamo has a field winding containing 4500 turns of wire; 
1.5 amp. flowB through the winding sent by 125 volte; the flux through 
the magnetic circuit is 1,500,000. K the circuit is opened in ^ sec, 
what e.m.f. is just then found between the terminals? 

To lose a flux of 1,500,000 in !^ sec. ie at the rate of 7,500,000 per 
second, which would meaa 0.075 volt per turn of coil e.m.f, of self- 
induction generated. The total e.mi. between terminals must 
then be 

0.076 X 4500 + 125 - 462.5 volts. 

This is the average value through the fifth of a second. It is likely 
to be very much higher at the very instant the switch contacts part. 

'.OO'^Ic 
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QUESTIONS AND PROBLEMS 

1. A 60-watt incaadescent lamp and a 40-watt lamp are in parallel 
on a 120-volt circuit. Calculate their combined resistance, using two 
methods of section 101. 

S. On one branch of a certain circuit there are connected in parallel 
from + to ~ lines five heating units having 150 ohms each. On 
another branch connected from + to — lines are four lamps having 
240 ohms each. Calculate the combined reaiatance of all. 

3. Calculate the combined resistance of a circuit like that in Fig. 126 
except that ^ is 4 ohms, it is 12 ohms, C is S ohms, E ia 1% ohms, 
while in D there ia an open circuit. 

4. A copper line wire of No. 1 wire is enposed to outdoor tempera- 
tures. At — 20°C. it meaauree Ji ohm. What will its resistance be 
when the Bummer temperature of 40° is reached? 

5. The insulation reBiatance of a piece of rubber-covered wire, meas- 
ured by immeraing it all except the ends in a bucket of water and 
measuring the current a battery sends from the wire to the water 
through the insulation, is 6000 megohms. The length of immersed 
wire is 176 ft. Calculate the insulation resistance per mile. 

6. On a certain 115-volt insulated lighting circuit a dead ground 
develops on the positive side. Can you think of any reason why this 
ia imdesirable? 

7. Twenty amperes are flowing through a certain circuit. At a cer- 
tain point it divides through two branches. One branch (A) has 4.6 
ohms resistance; the other (6) has 0.5 ohm resistance. How much 
current flows in each branch? Recalculate if the current staya the 
aame but the resistance in branch A is changed to 2 ohma. 

8. Two dynamos are connected in parallel as shown in Fig. 132. 
We happen to know that the resistance of No. 1 is .26 ohms; and 20 
amp. flow through it from a to h. Also we know that the resistance of 
No. 2 is 0.3 ohm and 25 amp. flow through it from a to b. No. 1 is 
generating 225 volts; No. 2, 227.5 volta. Calculate the current to 
the load and the volts a voltmeter would read if connected from a to b. 

9. A coil arranged on an iron core as shown in Fig. 133 has in it 1500 
turns and 2 amp. are flowing through them. A flux of 500,000 lines is 
in the iron core. When a switch in the circuit is opened the current 
drops to nothing through the arc which forms, in Jfo sec. Counting 
that all the flux goes in this time, what average e.m.f . in volts was gen- 
erated? If in the first Hoo sec. as the switch blades parted the flux 
dropped to 100,000 lines, what was the average e.m.f. in thia period? 
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107. Alternating and Direct Current.'— A direct current is one 
which flows steadily through a conductor in one direction having 
some particular constant amount. If it is 3 amp. it is that at 
every instant no matter how exactly or carefully it is examined. 
An alternating current varies in value while flowing one way, 
increasing in amount to a maximum then decreasing to nothing; 
it then reverses and flows the other way increasing t^jain to a 
maximum and decreasing to nothing. These reversals and varia- 
tions repeat themselv^ at regular intervals as long as the source 
is connected to the circuit. The maximum value reached by the 
current when flowing one way is the same as that which is reached 
when it ia flowing the other way. 

The best illustration which can be given of the way such a 
current flows is probably by using as an example the flow of a 
water stream. Direct current is like the water current of a river, 
constant in amount and always flowing the same way. The 
current (amount of water flowing past a point per second) is the 
same at any instant. Alternating current is like the water current 
in a stream connecting the sea with an inland bay. At ebb tide 
there is no current. As the tide turns the current starts to flow 
from the sea toward the bay and gets larger and larger until at 
half tide it reaches a maximum value. After this and up to 
flood tide the current stifl flows from the sea to the bay but in 
decreasing amount until when flood tide is reached the current 
ceases. When the tide begins to ebb, the current starts to flow 
from bay to sea increasing in amount untU at half tide it is a 
maximum, decreasing after that until it ceases as ebb tide is 
reached again. This water current has fixed time intervals be- 

I In makiniE a compaHiiDii no nncount is taken of condilioDS M the time of mdke or 
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tween maximum values or between zero values, and reaches the 
same maximum when flowing one way as it does when flowing the 
other. 

An alternating current must have a circuit to flow in as does a 
direct current. At any instant of time an alternating current 
has the same value at! through the circuit. If it is 2 amp. just 
now at one point, flowing a certain way around the circuit, it is 
2 amp. also at every other point. It is very important to gEun a 
correct idea of the above facts about alternating current before 
learning about any methods of representing it. 

An alternating current Sows only because an e.m.f . sends it. Any 
alternator, or alternating-current dynamo is used for the purpose 
of generating an alternating e.m.f.' The current flows in the 
direction the e.m.f. acts and has its amount determined by the 
e.m.f. from instant to instant. Hence to have an alternating 
current in a circuit there must be an alternating e.m.f. there. 

A.C. is a common abbreviation for alternating current, as D.C. 
is for direct current. These abbreviations will be freely used in 
subsequent sections. 

108. Representing Alternating Current — Because altematii^ 
current varies as it does, it is necessary to have some way of repre- 
senting it in order to understand many important things regarding 
it. The simplest way is to picture it by plotting time on a base 
line and amount of current vertically. This is done in Fig. 134. 
Starting from the left, time starts when no current flows. After 
Kso aec. has passed the current has increased, flowing a certain 
way, so that it is now between 2}i and 3 amp. As time goes on 
the current keeps increasing, still flowing the same way, until 
when ?^8o sec. has passed the current has risen to 4 amp. which 
is its maximum value. Time goes on and when -l^gi) aec. has 
passed the current has diminished to less than 3 amp., while after 
fiso sec. the current has ceased to flow. The curved Une indicates 
the current flowing at any instant of time; heights to it from the 
base hne show the amount of current flowing. At the time when 
the Curve intersects the base line, no current is flowing. After 
this the current reverses and after ^go sec. more (^igo from the 

■For ■ cenersl ides of the sppeaiance of an alternator refer Hbead to Hgi, 214, 
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start) it ia 4 amp. again {its maximum value) but flowing the 
opposite way through the circuit, and therefore ahowu below the 
base line. Another %gt, sec. and it has dropped to nothing and 
starts flowing again as at flrst. The intervals between maximum 
values of current or of zero values are the same. Because the 
picture suggests it a wave of A.C is sometimes spoken of. This 
does not mean that current Sows in waves through a circuit, 
however. At the end of %gD sec. for example, 4 amp. is flowing 
at every point around the circuit. 
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An alternating current is such no matter what the form of the 
current curve, provided it repeats itself at fixed intervals according 
to the same methods of growth. Thus in Fig. 135 an alternating 
current is shown which reaches its maximum quickly and dies 
out gradually. Yet it fulfils aU the conditions which have been 
stated regarding equal maximum values in each direction and 
equal length of time from maximum to the next one, etc. An 
alternating current is such no matter whether the reversals of 
current are at long intervals or occur thousands of times per 
second. The one represented in Fig. 134 is a very common sort, 
the current rising to maximum and dropping i^ain to nothing in 
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J-fao see. Considerable pains is taken to have current in prac- 
tical circuits the sort which is represented by Fig. 134. Problems 
always assume it. The way in which current flows in this ideal 




Fig, 135. 



case may be shown by a plot in F^. 136. At equal time intervals 
six values of current in per cent, are put down. Knowing the 
maximum value of any alternating current which has the ideal 
(orm all its other values can readily be found from this. 









m 


p.™. 


^~-- 








y 


<r 


s.. 






/ 


<J 








/ 


-60 










/ 










/ 






















6 



Fia. 136. 

The same method of representation which has been described 
tor alternating current is also used for alternating e.m.f. Both 
current and e.m.f. may be shown in the same diagram. Since an 
alternating e.m.f, sends an alternating current, they would reach 
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maximum values together and cross the base line at the same 
point. 

109, Important De&utions. — The foUowing definitions apply 
equally to alternating current and e.m.f. 

AUerTuUion.—An alternation of A.C. is completed when a set of 
variations from one value to a corresponding one has been completed. 
An alternation is comprised between one maximum value and the 
next {D to E or E to F in Fig. 134) between one zero value and the 
next (j1 to S or B to C in Fig. 134. No time consideration belongs 
to an alternation. 

Cycle. — Two successive alternations, A cycle has been completed 
when an alternating current has progressed from one maximum value 
to the next one at which the current is directed the same way through 
the circuit (D to F in Fig. 134) or from any value to the next one like 
it in every particular. 

Period. — Time of a cycle in seconds. The period of the alternating 
current represented in Fig. 134 is J^o sec. 

Frequency. — Rapidity of alternations. The number of cycles per 
second; or much less often, the number of alternations per minute. 
The symbol for frequency when cycles per second are meant is ~ . 
Commercial frequencies are 25, 30, 40, 60, 120, 133, 140 cycles per 
second. Twenty-five cycle current is said to have low frequency; 
60-cycle current moderate frequency; and 120-cyele current high fre- 
quency for lighting. Frequencies of 26 and 60 are in common use 
at the present time ; others are little used and some are nearly obsolete. 
The frequency of the current shown in Fig. 134 ia 60 cycles per second. 

Since e.m.f. sends current both must have the same frequency. 

Phase. — That value which an alternating current has at any par- 
ticular instant of time, used to distinguish it without saying how much 
it is. Thus in answer to the question, "In what phase is the current 
at the instant considered?" we might reply "At maximum." A 
common expression is difference in 'phase. If two alternating currents 
are under consideration and one reaches maximum before the other, 
we say there is a difference in phase between them. If the difference 
is quarter period, one reaches maximum as the other pasBea through 
lero value. The expressions lag and lead refer to phase differences. 
If a current lags behind another, it reaches maximum value later; if a 
current leads another it reaches maximum value earlier. 



110. Naming Amount of Current and E.m.f. — In view of the 
fact that alternating current constantly varies both in amount and 
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direction, to speak of some certain number of amperes of A.C. 
flowing in a circuit w«uld be meaningless unless some plan is 
made use of which has been adopted by general agreement. It is 
E^reed that an alternating current shali be called that number of 
amperes of direct current whichj replacing it, would have the same 
heating eifect. Thus an ampere of alternating current is that 
amount which wiU cause an incandescent lamp to burn just as 
brightly as 1 amp. of direct current. If 20 amp. of direct current 
melt a fuse, 20 amp. of alternating current will do the same. 

If desired, the relation which exists between the maximum value 
of a current and this value by which it is called may be found. As 
already explained, it is the heating effect of current by means of 



Fio. 137. 

which it is designated. The heating effect varies with the square 
of the current flowing. In Fig. 137 the curve abc shows an 
alternating current whose maximum value is 5 amp. and which 
rises and falls in the customary way as noted in section 108. The 
curve ape is one of squared current values; made from the other 
by squaring a number of values and plotting them to get the curve. 
Thus at maximum 5' = 25 which is the height dp; mo is 4.62' = 
21.34;j7is3.542 = 12.53;ffiis 1.91= = 3.65;^i3 1= = 1. Through 
these points and others like them on through to c the curve is 
drawn. Now at any instant the height of this curve represents 
the heating efi'ect of the current just then. We are seeking a 
value to represent the average heating effects. TTiis may be 
obtained by calculating the area of the curve ape above the base 
line and then dividing this by the length of the base line ode; for 
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the result is the average height and so represeata the average heat- 
ing effect. Such an area caa be measured by certain instruments 
or calculated by the aid of higher mathematics. Should a calcu- 
lation be made the average height would turn out to be 12.50. 
The steady current which would produce a heating effect the same 
as this represento is v'l2.50 = 3.535 amp. This is the direct 
current which could replace the alternating-current flowing, whose 
steady heating effect would be the same aa the variable heating 
effect ot the alternating current. It is called the effective current, 
since it is as effective (produces the same effect) as the real alter- 
natii^ current. The ratio between the maximum and the effect- 
ive value is now obtainable. For this case -^ — = 0.707, and 
the same ratio holda good for all amounts of alternating current. 
An alternating current whose maximum value is 10 has an effect- 
ive value of 7.07 amp. One whose effective value is 10 amp. 

has a maximum value of s yh? ^ 1*1* *"P- 1^^ maximum 
value can always be reached from the effective by multiplying by 
1.41 and the effective value can be reached from the maximum by 
multiplying by 0.707. 

There must be also a numerical method of designating alternat- 
ing e.m.f. It will be clear without detailed explanation that the 
same method of designating e.m.f. as that explained for current 
should be made use of. In common usage then, alternating e.m.fs. 
are always called by their effective values. A 2000-volt alternator 
produces an e.m.f. which varies between limits of 2828 (2000 X 
1,414) volts acting one way to 2828, acting the other way in a 
circuit to which it is connected. 

111. Effective Current whidi Flows due to Given E.m-f. — 
When it comes to calculating the amount of current which flows 
in an A.C. circuit Ohm's law, eo useful for D.C. circuits, will not 
hold good. A law which corresponds with it and which does hold 
true is the following one: 

^ Z 
I is effective current in amperes 
E is effective e.m.f. in volte 
Z is impedance in ohms. 
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The imjieclance of a circuit to alternating current is more than the 
resistance of that circuit to direct current. Sometimes it is very 
much more. Impedance cannot be calculated by any such simple 
methods as have been shown for calculating resistance. There will 
be more to explain about it later; in the meantime it may be used 
in connection with E and J exactly as resistance in a D.C. circuit. 
No space will therefore be taken here to illustrate in detail how to 
use it in calculations; only two or three simple examples will be 

1. A certain circuit haa an hnpedance of 22 ohms. How many volts 
A.C, must be generated in it to send 5 amp. of A.C. through it? 

E " IZ E - 5 X 22 = 110 volts 

2. In a certain circuit shown in Fig. 138, a difference of potential of 
36 volts is found between a and 6. A current of 9 amp. of A.C. is 




Z^^j 2=^=4 ohms 

3. Across an A.C. line at constant potential of 230 volts, Fig. 139, 
I expect to connect a piece of apparatus having an impedance of 11.5 
ohms. For D.C. it has a resistance of 5 ohms. How much current 
will flow? 



I = 



= 20 amp. 



112. Another Method of Representing I and E.— From what has 
already been stated in connection with Fig. 134 and noting the 
way it was marked, as well as from various applications already 
made, it will be plain that in Fig. 140, a represents a current of 6 
amp. flowing one way and b a current of 5 amp. flowing the other 
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way. The direction the hne ia drawn (from to the arrow point) 
has a significance as well as the length of line. Thinking of cur- 
rent in an A.C. circuit a may represent the maximum value of 
a current when flowing one way and 6 the maximum value when 
Bowing the other way; that ia,_the two lines represent maximum 




Fig, 140. Fig. 141. 

values of current differing in phase by a half period. Such repre- 
sentation of current by tines is so convenient that it ia desirable 
to have a method of representing intermediate values as well. 
The plan which is made use of places lines at different inclinatitfns 
to represent current at other intermediate phases. Thus in Fig. 
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141 line Oa is the line a of Fig. 140 repeated. Oh, Oc, Od, Oe, all 
lines of the same length as a (5 units long) represent current in 
other phases. The phase to which each of these inclined lines 
corresponds may be settled by noting a construction method 
shown in Fig. 142. The curve of current is shown at the right. 
F^. 141 is reproduced at the left. As Oa corresponds with II so 
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AA is the same aa HH. Ob therefore repreeente HH. In like > 
manner Oc stands for GQ, Od, for FF and Oe for no current at all 
(point A). It is important to notice that just as the curve of 
current ABC represente an alternating current having maximum 
velue of 5 amp. ai any frequency (for no time is marked on the base 
line and any could be put there) so the inclined lines of Fig, 141 
represent different phases of an alternating current without regard 
to the frequency of the current. 

It is very easy to become used to this method of representation 
tor alternating currents and e.m.fa.- Thus in Fig. 143, OA is a 
current which has a maximum value 
of 4 amp., just now past zero value 
^ and coming to maximum. Ttiiscan 
be seen without an arrow point on the 
line since when two lines join like 
OA and OB it is assumed unless speci- 
ally marked, that they are drawn 
Fig. 143. out from 0. But since it is much 

more convenient to talk of currents 
by effective values rather than maximum values, and a simple 
ratio connects them it is very usual to plot effective values in these 
line diagrams, where maximum values should be found. Hence 
in Jig. 143, OA would commonly stand for a current ot 4 amp. 
effective value, rising to maximum in a certiun direction while OB 
is a current of 5 amp. effective value flowing the opposite way 
which has just parsed its maximum value and is di min i sh i n g in . 
amount. In like fashion OC and OD are equal currents. OD is 
lagging in phase }i period behind OC, OC having passed maximum, 
and OD is approaching maximum, both flowing the same way. 

113. Difference of Phase as an Angle. — Referring once more bo 
Fig. 141 since a line must stand at every possiWe position through 
860° to represent all values an alternating current may have, it is 
convenient to think of the line with regard to its angular position, 
and speak of phase and difference of phase in degrees. If the line 
representing the current is placed in every possible position each 
of the current values represented in the curve of A.C in Fig. 144 
has been represented. If then the whole cycle is represented from 
0° position of the line to 360°, we may mark off degree values on 
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tlie current curve if we choose (shown in Fig. 144). This has the 
advantage that we can refer with exactness to currente in certain 
phase, without involving an idea of frequency or bow fast the 
current changed from one phase to another. Thus we say a cur- 
rent has advanced through 180° of phase and mean it has an 
exactly corresponding value but directed the other way in the 
circuit; or we speak of one current OD lagging behind another OC 
by 90° of phase (see Fig. 143) and in neither case is any idea of 
frequency involved. In Fig. 144 we think of Oe' as representing a 
later condition of Oe and we speak of it having a phase difference 
of 30° with it. 

Figures in which lines stand for e.m.fs. and currents, are called 
clock diagrams- By inspection of them, noting the relation of the 




Fio. 144. 

' line considered to a horizontal line, one can see in what phase is 
each quantity represented. We can also see what differences in 
phase exist and what is their relative magnitude. For reasons 
already explained the effective values of current and e.m.f. are 
plotted in clock diagrams and whenever more than a single line is 
used the arrow point to designate where the line ends is omitted. 

114. Circuit E.m.f. and Applied Ejn.f. — In an A.C. circuit, 
current only flows because e.m.f. sends it. The e.m.f. which sends 
the current is called the circuit e.m.f. It has a maximum value at 
the same time that current is a maximum; zero value when cur- 
rent is zero; it is always in phase with the current. Fig. 145 
shows a current of 40 amp. (maximum value 56.4 amp.) sent by 
an e.m.f. of 100 volts (maximum value 141 volts). On the left 
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they are shown as curves and on the right aa lines. On the right 
they are both shown halfway in phase between zero and maxi- 
mum; the arrow points marking the end of ea«h line (both start 
atO). 

The circuit e.m.f. simply gets the current through the resistance 
of the circuit. It is IR where I — amperes, R = ohms, IR = volts. 




^Amp^ 



Fig. 145. 

In most circuits the applied e.m.f. and the circuit e.m.f. are 
different. To illustrate this a problem may be used. 

Across a 115-volt hne a piece ot apparatus is connected whose re- 
sistance is 15 ohms. A current of 
6 amp. is found to flow. What is 
the circuit e.m.f. for this piece of 
apparatus and why does no more 
current flow? 

Circuit e.m.f. = IR = 5 X IS = 



ISVolU 



The appUed e.m.f. in this case is that which the line supplies. 
Were two things in series connected across the circuit, the applied 
e.m.f, to one would be that part of the line voltage which reaches 
it; what a voltmeter connected across its terminals would read. 
Or again if referring to a whole circuit the applied e.m.f. is that 
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generated by the alternator. The reason for the difierence 
between the applied and circuit e.m.f. is to be found in the fact 
that there is another e.m.f. in the circuit; a self-induced e.m.f. due 
to the Tarying current there. 

This may be more fully understood if the condition of affairs 
existing in a D.C. circuit in which a motor is operating is called 
to mind. The current ia sent through the motor's resistance by a 
few volts whose value is IR. Should the question be asked 
"Why is it that when the motor has only a resistance of an ohm 
or less, 110 volts sends but a few amperes?" The answer is "Becaus? 
there is another e.m.f. in the circuit; the motor e.m.f." The e.m.f. 
which sends the current (it might' be called the circuit e.m.f.) is 
the difference between the applied and motor e.m.f.s. 

lis. Inductance.— By the inductance of a coil or circuit is 
meant the property it has such that a change of current through 
it sets up an e.m.f, in it. Every coil or circuit has this property. 
Consider an example. In Fig. 147 is shown a coil of three turns. 
When current iiows in the coil, flux passes tlu-ough it. When the 
current varies the flux varies. This will produce an e.m.f. in the 
coil (section 106); an e.m.f. of self-induction. Hence the coil has 
inductance. If the number of turns of coil were doubled the flux 
through the coil ia doubled for the same current; and if the current 
is varied at the same rate as before, twice the e.m.f. will be gener- 
ated in each turn, and so the coil has four times the e.m.f. in it; or 

the inductance is increased four times as ^^^ 

the result of doubling the turns. If iron ^ -^ 

is put in the path of the flux, the flux v' Ji 

would be increased, and with current ^ "^ 

varyii^ at the same rate the e.m.f. of Yiq. 147. 

inductance is increased. Hence the in- 
ductance is increased. From this we see that the inductance of 
a circuit, or a piece of apparatus is as definite a property as its 
resistance. In D.C. work it is usually of no consequence because 
current is steady and the prpperty of inductance is only shown 
by the e.m.f. which is generated while current is changing. The 
inductance of any piece of apparatus or of a circuit depends upon 
and is regulated by the number of turns of coil or circuit and the 
amount of flux per ampere which passes through it. 
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116. E^m-f. of Inductance in on A.C. Circuit. — The amount of 
the e.m.f . of inductance produced in a coil (a simple circuit is a coil 
of one turn) depends not only on the inductance of the coil but 
alao on the rate at which the current varies. This in turn depends 
partly on how large the current is which changes, and partly on 
how fast it chaogeB. Limiting the statements here to those which 
apply to alternating current let us consider certain facts regarding 
the e.m.f. of inductance which is generatedinan A.C. circuit. In 
Fig. 148 is shown a current of 3.63 amp. (effective value) whose 
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Fio. 148. 

maximum is 5 amp. At the zero value of current a space is laid 
off marking 3^ooo sec; the time from Hooo before zero to 
Hooo after zero. Very careful measurements will show that in 
■thk time current drops from 0.261 to and on to 0.261 amp. the 
other way. This means that there is a change of 0.522 amp. in 
Hooo sec. or at the rate of 261 amp. per second. On each side of 
maximum value Hooo sec. is laid off for a Mooo sec. interval. 
Careful measurements would show that in this time current riseH 
from 4.99 to 5 and drops i^jain to 4.99 amp. This ie a chains of 
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0.02 amp. in this time interval which is very small compared with 
the change per second as the current passes through zero value. 
But further, if the time limits are made still shorter, the current 
curve included between the lines marking the interval considered 
at maximum value would be flat; or the current would not be 
changing at all. From this we see that when an alternating cur- 
rent is at maximum, ite rate of variation is zero and when it is at 
zero ite rate of variation is a maximum. - Simple observation of 
the slope of the curve representing the current shows this; if the 
current curve is horizontal, just then the current is having no 
variation; if very steep there is a high rate of variation. The vary- 
ing current produces a varying flux through any coil or loop, 
which by its rate of variation sets up an e.m.f. of inductance in 
the coil. This flux has a rate of variation the same as that of the 
current which produces it for the flux is due to the current. Hence 
we reach the conclusion that in an A.C. circuit not only is an e.m.f. 
of self-inductance present, but it has its biggest value when. the 
current passes through zero; while it is down to zero (does not 
exist) when the current is maximum. It therefore has zero, maxi- 
mum, and intermediate values; it is alternating; it has the same 
frequency as the current. 

Looking again at the figure it is easy to see tiiat if the current 
had been larger the frequency remaining the same, the e.m.f. of 
inductance due to it would be larger because the rate at which the 
current varies would have been larger. Again had the frequency 
been twice as great (half as much time' per cycle) the current at 
any instant would have been changing twice as fast and so the 
e.m.f. of inductance would have been doubled. In a clock diagram, 
if the current line is vertical the rate of variation of current is zero; 
while when the bne is horizontal the rate of variation is a maxi- 
mum. The e.m.f. of inductance is alternating and so has a place 
in the clock diagram. 

117. I^iase Relations between Current and E.m.f. of Induc- 
tance. — ^In Fig. 149, 01 represents an alternating current flowing 
through a coil. The vertical and horizontal lines are lines of 
reference. Then since the e.m.f. of inductance which this current 
sets up is alternating and reaches zero value when the current is 
maximum and maximum value the current is zero, either OL or 
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OL' must represent it. Now when the current is rising the e.m.f. 
induced is in such a direction as to oppose the change in current 
and is directed against the flow of current (see 3ectionl06) ; that is, 
directed the other way in the circuit. Hence OL must be the 
proper line to represent it, for it is below the horizontal line of 
Teference while the current line is above. They are, therefore, in 
opposite directions in the circuit. The e.m.f. of inductance Is 
therefore an alternating e.m.f . which 
lags in phase K period or 90° behind 
the current. This relation is fixed. 
118. Resultant E.m.f. when Two 
Act in the Same Circuit— If we 
_ have two e.m.fs. in the same circuit 
it is clear that at any instant the 
total e.m.f., if they are directed the 
same way, will be their sum, the di- 
rection of the resultant being that of either one; if they are di- 
rected against each other the resultant is their difference, the 
direction of the resultant being that of the larger. 

In Rg. 150 an alternating e.m.f. abed, maximum value 30 volts, 
is plotted, and another e.m.f. efgh, maximum value 50 volts, 
lairing 60° behind it. We assume they are in series in the same 
circuit. Applying the principle just stated the curve of resultant 
e.m.f. ABCD is secured. This may be seen as follows: At the 
instant marked 1 the 30-volt e.m.f. has reached 25.9 volts; the 
other is passing through aero, hence the resultant at that instant 
is 25,9, or at 60° the curves abed and ABCD cross. 




Fio. 149. 
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The table shows how values along tlie curve ABCD are made 
from instantaneous values of the other curves. We may note that 
the resultant curve passes maximum at a poist between 3 and 4, It 
is in fact at 128.2", where it is 70 volts. So also the resultant 
passes through zero when the diminishing value of the 30-volt 
e.m.f. is just equal and opposite to that of the 50-volt e.m.f. 
This is at 218.2° at the position marked C. The resultant e.m.f. 



Fio. 150. 

has the same form as the ones from which it is made up and is 
intermediate in phase between the other two. It lags 38.2° 
behind the 30-volt e.m.f. and leads the other one 21.8°, 

The effective value of the 30-volt e.m.f. is 21.21 volts; of the 
50-volt e.m.f. it is 35.35 volts. The effective value of the result- 
ant is 49,49 volts. Hence the result of having 21.21 volts A.C 
in series with 3^.35 volts with a phase difference of 60° between 
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them ia to have 49.49 volte in the circuit, which is considerably less 

than their arithmetic sum. 
The same result can be arrived at in a very much simpler and 

quicker way by plotting the e.m.fs. as lines in a clock diagram with 
the proper phase difference, and then by 
a construction shown in Fig. 151 the 
resultant can be found. All the phase 
relations come out at once also. If in 
some practical problem for which effect- 
Fio. 151. ive values were given the same methods 

were used, the resultant found would be 

the effective value, for to pass from maximum values to effective 

in every case the values in the figure are multiphed by 0.707. 

Fig. 152 is made to show how the two methods of finding the 

resultant are equivalent. The clock diagram is drawn so as to 
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Fia. 152. 

show all three e.m.fs. properly placed for position 2 when e.m.f. 
abed is at maximum. 

Nothing need be said to explam how much simpler it is to find a 
resultant e.m.f. by using strmght lines for each than by the other 
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plan. Furthermore, by a look at Fig. 151 it will be clear that the 
resultant e.m.f. will vary according to the phase difTereace between 
the e.m.fs. If two e.m.fs. are in series, one of 100 effective volts 
and the other 80, the reBultant will be ISO if they are in the eame 
phase, diminishing with increased phase difference until at last 
when in opposite phase the resultant will be but 20 volts. 

119. Relations between Applied E.m.f.^ Current, Etc. — An 
appUcation for the pnnciple stated in the last section may be 
found in interrelating the applied e.m.f., the e.m.f. of inductance, 
and the circuit e.m.f. in an A.C. circuit. Just as in a D.C motor 
circuit the applied e.m.f. may be thought of as in two parts, one 



'yc i:_ s 




Fia. 153. 



Fio. 154. 



"held up" by the motor e.m.f. and the other sending the current 
through the resistance, so in any A.C. circuit the applied e.m.f. 
has two parts, one is "held up" by the e.m.f. of inductance while 
the remaining part (the circuit e.m.f.) sends the current. In Fig. 
153 some e.m.fs. are plotted. The vertical and horiaontal lines 
are hnes of reference. OC and OU are two e.m.fs. which together 
make the applied e.m.f. OE; or OE is an e.m.f. which ia made up of 
two parts, OC and OU . Now in the figure OE is drawn to repre- 
sent the alternating e.m.f. applied to a piece ot apparatus. The 
two parts into which it is divided are then OV , that part which 
holds up the e.m.f. of inductance Oh, and the part OC which gets 
the current through the resistance. In order that OL shall be 
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"held up," Oh' must be equal and opp(»ite to it as shown. If 
OC is the circuit e.m.f. it is in phase with the current in the circuit 
(see section 114 and Fig. 145). With these things in mind it is 
clear that the figure must be correctly drawn. The e.m.f. of 
isductance lags 90° behind the current as marked; hence the 
other lines must fall into the relations shown. We find that in 
such a circuit the current lags behind the applied e.m.f., a matter 
of great importance often to be referred to later. This phase 
relation is so important that Fig. 154 is drawn to show at the left 
hand conditions in a circuit when the e.m.f. of inductance there is 
quite small, while at the right hand the conditions are shown when 
the e.m.f. of inductance has become quite large. In these figures 
the applied e.m.f. has been kept of the same magnitude as in Fig. 
153 and in all three the angle by which the current lags behind the 
applied e.m.f. is marked with the same letter, a.' The current lags 
more as the e.m.f. of inductance is increased, while the circuit 
e.m.f. and also the current decrease. If the resistance of the 
apparatus is 2 ohms, for example, the current is represented in each 
case by the length of the Une from to t. The current always 
equals the circuit e.m.f. divided by the resistance and for this case 
is therefore half the length of the circuit e.m.f. line. 

Increasing the e.m.f. of inductance indefinitely will eventually 
decrease the current almost to nothing and increase the current lag 
to almost 90". The e.m.f. of inductance can never be quite as 
large as the dynamo e.m.f., but in important 
apparatus it comes to be practically as 
t much as this. 

120. Impedance and Reactance.— From 
Fig. 153 we may obtain a set of lines form- 
ing the triangle of Fig. 155, This triangle 
is much used in connection with A.C. problems. The sides are 
always placed in the relation shown, the circuit e.m.f. being 
placed horizontally.' 

1 A letter of the Greek Rlphabet pronoiuwed "alpha". 

■This ia a [ight-Hucled trianile. The side IZ is the hypothenuae: the other 
ly right-angled 
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Now the applied e.m.f. = IZ, and the circuit e.m.f. = IR; 
hence the inductance e.m.f, should = IX. X is called the re- 
actance of a circuit or of a piece of apparatus. It is measured in 
ohms. It ia due to the inductance but varies directly with the 
frequency because the inductance e.m.f. so varies. 

Thus suppose a certain circuit has a reaistance of 20 ohms, and 
when 110 volts are applied a current of 6 amp. flows. What is the 
e.m.f. of inductance and the reactance of the circuit? 

The circuit e.m.f. is 20 X 5 - 100 volts. Knowing the hypothe- 
nuBe and one side of a right-angled triangle we can find the other: 



difference = 2,100 
VsiOb - 45.83 volts e.m.f. of inductance. 

To find the reactance: 

IX = 45.83 volbi 
since 1=5 
„ 45^ 
■* ° 6 
X = 0.16 ohms reactance. 

In order to make this matter of reactance more clear an example 
may be borrowed from D.C. motor work and a problem worked 
as follows: 

A motor has a resistance of 2 ohms. When 110 D.C. volts are 
applied, a current of 5 amp. flows. 

The circuit e.m.f. (volts to get current through the circuit) is 
2 X 5 = 10 volts. This leaves 100 volts motor e.m.f. and this 'm 
spent as though ^'>% — 20 ohms were in the circuit. 

There is a certain resemblance between this 20 ohms and the 
9.16 ohms derived above. The real thing is the e.m.f. of induc- 
tance. This only shows itself because of a certain property of a 
circuit, its inductance, described in section 115. The reactance 
is a sort of resistance which the inductance brings into the circuit. 

Since / is a factor in each of the e.m.fs. forming the sides of the 
triangle of Fig. 155, another triangle may be constructed, as in Fig. 
156. A current of 2 amp. has been assumed. Hence dividing 
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each side of the triangle of F^. 155 by 2 (halving it) we get Fig. 
156. Here we find what impedance really is. It is the total re- 
(OBtance to the flow of current in an A.C. circuit and is niode up 
of two parts, resistance and reactance, which must be combined in 
a right-angled triangle relation to make it. From this triangle 
we have 

Z = y/R* + X- 
and BO 

, E E 



Looking at this last formula we see that if a circuit has reactance 
ao small as to be of no account, the impedance for alternating 
currents is the same as the resistance; that is, Ohm's law is true. 
The current flowing would also be in phase with the apphed e.taJ., 
for in Pig, 155 the line for e.m.f, of inductance 4^^ 

would then have become so short that it need not ^---'b K 
be counted. On the other hand, if the resistance p , -„ 
is too small to count in comparison with the re- 
actance a very different condition of affairs holds good. The 
reactance then regulates the amount of current, and it lags 90° 
or a quarter period behind the applied e.m.f. 

121. Alternating-current Power. — If the power in a D.C. cir- 
cuit is to be determined, a simultaneous measurement of volts 
applied and current flowing is made; the product is the power used 
just then. If the power were fluctuating, a number of simul- 
taneous readings of volts and amperes would be made, and an 
average of the products taken to ^ve the continuous supi^y of 
power during the time under consideration. The same principle 
holds for an A.C, circuit; the product of applied volte by current 
flowing at that instant gives the power transformed at that instant. 
If, therefore, we have plots of e.m.f. and current for a given case, 
we may calculate the power at successive instants by taking a 
number of products of volts and amperes. In Fig. 157 this has 
been done for a case where 100 volts are sending 200 amp. (both 
effective values) through a circuit, the amperes being in phase 
with the volts. The valura found by the calculation have been 
plotted in a power curve. At a couple of points the values may be 
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noted. Thus at tlie instant a when the applied e.m.f. has reached 
a phase correBponding to 30° there are 70.7 volts acting and 141.4 
amp. flowing. The product is 10,000 watts. At instant b when 
E and I are at maximum there are 141.4 volts and 282.18 amp.; 
hence 40,000 watts transformed. Noting then the whole power 
curve we see that the power goes through great fluctuations, in 
this case rising from zero to maximum with increasing volts and 
amperes and dropping again to nothing every half cycle. The 
power transformed, that which we speak of as the continuous 



Fio. 167. 

expenditure, is the average of all the values or the average height 
of the power curve. When this is calculated it turns out to be 
20,000 watts, that is, the height of the line XY drawn in this figure. 
But when current and e.m.f. are not in phase a different result is 
reached. In Fig. 158 the same volts and amperes as before are 
plotted, but now the current lags 30°. Looking over the curves 
we see that there are times when the volts are directed one way 
and the current the other. During such intervals the power 
transformation is reversed, for instead of dynamo conditions we 
have those which are distinctive of motors. Hence when we get 
values and plot a power curve this has loops below the zero Une; 
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positive values mean power transformed into the circuit (dynamo 
operation), and negative values power transformed out of it 




(motor operation). Numerically some calculated values would 

be: 
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17,315 
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245 


34,630 



The maximum value of the curve is less than before, and there ' 
is a loop below the zero line; hence the average power as shown by 
line XY is cooBiderably less than before, 17,320 watts, although 
the volts acting and current ilowing are the same as before. Fig. 
159 shows the same thing but with current lagging 60°. The 
power transformed now is only 10,000 watts. We see, therefore, 
that the power transformed in any A.C; circuit cannot be cal- 
culated except by taking account in some way of a property of 
the circuit which causes a lag of current and determines ite amount. 
We could Dot expect that the power used in A.C. apparatus 
would be the product of a voltmeter reading by an ammeter read- 
ing, partly because of the special significance of these readings and 
also because they are quite independent of the phase relations 
between e.m.f. and current. The product of volts by amperes 
(effective values) is the apparent power; their product multiplied 
by a proper number, the power factor, gives the real power. In 



amperes X volts , ., ,^ , 

— " — TOOO ™ icilovolt-amperes or kv.a. 



amperes X volts X power f actor 
1000 ' 



kilowatts or kw. 



Alternating-current power is generally measured directly by a 
wattmeter. 

122. Power Factor. Wattless Current. — ^The power factor of a 
circuit, coil, or piece of apparatus may be defined as the number by 
which the apparent power is multiplied to get the real power. It 
can never be a number larger than 1 and may be anything from 
that down to 0, for referring to curves and data of the last section 
it will be noted that if the current were to lag 90° the power loop 



j:,GoogIe 



186 



APPLIED ELECTRICITY 



[ChBp.~Z 



above the aero line of reference would be juat as large aa tbe loop 
below. Under sucb conditions the power which is transformed 
into the circuit is immediately afterward transformed back again, 
or there is no real permanent power transformation. That is, the 
apparent power, 20,000 watts, must be multiphed by as the power 
factor to get its real value. Power factors in practical apparatus 
under working conditions are not often less than 0.5, while for 
most circuits the power factor will be 0.9 or more. 

Investigation shows that if the product of the applied volts 
(read on a voltmeter connected to terminals) by the amperes 
flowii^ (read on an ammeter in the circuit) is multiplied by the 
ratio of the circuit e.m.f. to the appUed e.m.f., the real average 
power is determined. Hence 

, , circuit e.m.f. IR R 

'""'''^'-.ppliede.m.f.-ra-Z 

The power factor of any circuit or coil ia determined by taking the 
ratio of its resistance to its impedance.' 

In considering the power spent in an 
A.G. circuit the current is often thought 
of as made of two components. One is 
the amount of current in phase with the 
appUed e.m.f., which when multiplied by 
this e.m.f, would ahow the power ex- 
penditure which really occurs. This is 
the actual current multiplied by the 
power factor and is called the workii^ 
current. The other component is that 
part which is la^ng 90° behind the ap- 
plied e.m.f. It is called the wattless current. This, with the 
working current, makes the actual current flowing. In Fig. 160, 
OE IB the applied e.m.f.; 01 the current in the circuit; OC is the 
working current, and OC the wattless current. 

To determine the angle of lag of the current behind the applied 
e.m.f., one may determine the impedance and the redstance of the 
circuit or pieces of apparatus and then proceed as follows: Draw 
the impedance Z as shown in Fig. 161. On this line as a diameter 

■ Thi« muM not be taken too littrally wten applied to motori in operation. 




Fig. 160. 
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draw a semicircle. Draw in the resistance as a chord, bs shown. 
The angle between Z and R, as marked, is the angle sought. Refer 
to Fig. 156 in this connection. It should be noted that since the 
angle of h^ is determined by fixed properties of a circuit, the angle 
of lag of current and the power factor of the circuit are fixed for it 
whether current is flowing or not, and independent of the amount 
flowing. 

123. Apparatus in Series and in PanlleL — On account of the 
way in which lag of current behind applied e.m.f. involves a 
relation between resistance and impedance, if we put two pieces 
of apparatus in series the lag of current flowing through one behind 
-its applied e.m.f. may be quite different from that in the other. 
Hence the sum of the e.m.fe. applied to each would not be the 
e.m.f. applied to the circuit made of both together in series. In 
the same way and for a corresponding 
reason, the sum oi the impedances in a 
circuit is not the impedance of a circuit. 
The power factor of a piece of apparatus 

in a chrcuit may be very different from the 

power factor of the circuit in whioh it is p^ igj_ 

being used. The sum of the separate re- 
actances of the parte of a eeries circuit, however, is always the 
total reactance, just as the sum of the separate resistances is 
the total resistance. Using this the combined impedance of de- 
vices in series can be determined. 

When a circuit has branches with devices in parallel, the total 
current flowing in the mains is generally less than the sum of the 
currents in the branches. It is always true that the sum of the 
working currents in the branches is the total working current and 
the sum of the wattless currents the total wattless current. If 
the total value of wattless and working currents separately are 
known the actual current can be determined by combining them, 
using the method of Fig. 160. 

If the impedance of a circuit or device is known this holds only 
for a certain frequency. With change in frequency the impe- 
dance changes, but not proportionately. The resistance always 
stays constant. The power factor also changes with change 
of frequency. 
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QUESTIONS AND PROBLEMS 

1. An alternating current rises from zero to maximum in Koo 
sec. How many alternations in a minute? What is the period of 
this currentT What is its frequency? 

2. A certain A.C. has completed 18,000 cycles in 6 min. What is 
its frequency? What frequency if it completed 7500 cycles in 2}4 
min.? What frequency would we find if 16,000 cycles were completed 

8. A cert^n A.C. makes 15,000 alternations per minute. What 
ia the frequency of the current? What ia its period? How many 
cycles completed in ID see.? How long to rise from zero to maximum? 

4. Draw a figure similar to Fig. 134 representing a current with 
maximum value of 10 amp., and then mark the time in seconds prop- 
erly for an alternating current having a frequency of 30. Plot another 
on the same diagram of 5 amp. maximum, having the same frequency 
but lagging H period behind it. 

0. An A.C. (A) has reached maximum value in a certain direc- 
tion. Another (fl) is just passing through jsero and will rise, flow- 
ing in the same direction. How do they differ in phase? How 
would it be if A is halfway (in time) between zero and maximum 
decreasing and in a certain direction, while B is halfway between 
zero and maximum increasing the other way? 

6. An A.C. (A) lags a quarter period behind another (B). Make a 
statement of the phase of B if ^ is past maximum decreasing, and 
quarter of the time between maximum and sero has elapsed. Re- 
state for B if J leads B ^ period. 

7. A direct current of 15 amp. is passed through a certain fuse 
wire which just melts it off. How much A.C. will just melt it? 
What would be the largest and what the smallest value of this cur- 
rent? What should its frequency be? 

8. A certain electric laundry iron is heated to 250° by the passage 
of 6 A.C. amp. through it continuously. The frequency of this 
current is 60. How much D.C. passed through it will produce the 
same rise in temperature? If the A.C. were raised to 6 amp., how 
would the heat deUvered to the iron compare with what it was 
before? 

9. If an alternator supplies 2200 volts to a circuit, what is its 
maximum value? If the maximum value of the current it sends is 
70.7 amp., what is the value by which we call it? 

10. Plot an e.m.f. of 100 volts as a line (acale i-^ in. = 10 volts) 
which is just now halfway in phase between zero and i 
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(risii^ in value) and another of 80 volts l^ging ^ period behind it. 
^ow the some e.m.fs. by & plot of A.C. curves. 

11. In an A.C. 60-cycle circuit on e.m.f. o( 104 votte is in use. 
Upon measurement, the current flowing ig found to be 8 amp. What 
is the impedance of the circuit? To cut the current down to 2 amp., 
what must the impedance be made? 

13. The impedance of S certain circuit is 75 ohms. How much 
current will an alternating e.m.f. of 225 volfa (60 cycles) send through 
it? How much if the e.m.f. is raised to 300 
volts. y-^ ^s^w^-S^ 

13. The voltmeter in the circuit shown reads (^^ p -, | 
30 volts. The wnmeter reads 20 amp. What x!J | F-—"] f 
impedance from a to 6? If terminal volts c to a 6 

d are 500, what is the impedance of the circuit? 

14. Two e.m.fs. are in series in an A.C. circuit and differ in phase 
by 180°. One is 100 volts and the other 90 volts. Plot them as 
lines in a diagram and decide how many volts from a single source 
might replace them both so the same flow of current in the circuit 
would result. How would it be if they were in the same phase? 

IS. In this circuit the current in branch B 
lags behind that in A by 90°. How much 
current flows from the dynamo to supply 
both branches? (Draw a diagram and meas- 
ure if you cannot calculate it.) 

15. Would any considerable self^nduced e.m.f. be found in an 
A.C. circuit made up of line and incandescent lamps on it con- 
nected in parallel? How for one with line and motors in parallel? 
Why in each case? 

17. An A.C. dynamo supplying 200 voltH at ita terminals has a 
piece of apparatus connected across its terminals known to have a 
resistance of 16 ohms. A current of 10 amp. is flowing. Find the 
impedance of the circuit and the number of volts of self-induced 
e.m.f. there. 

18. An A.C. motor has a resistance of 7 ohms and a reactance at 
60 cycles of 7 ohms. 10 amp. is flowing through it. Find the 
applied e.m.f., the self-induced e.m.f., and the circuit e.m.f. 

U. A coil used in a certain A.C. circuit has a resistance of 3 ohms. 
The current flowing in it is 10 amp. but the applied e.m.f. measures 
50 volts. State the cause. Find the reactance of the coil. 

20. (a) A certain piece of apparatus has a resistance of 40 ohms 
and a reactance of 2 ohms. How many volts are required to send 3 
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amp. through it? Construct a clock diagram to show phase relation 
of current and applied e.m.f. 

(b) Another piece of apparatus has a resistance of 2 ohine and 
a reactance of 40 ohms. How many volts required to send 3 amp. 
through it? Construct a clock diagram to show phase relation of 
current and appUed e.m.f. 

11. An A.C. dynamo is rated at 200 kv.a. at 500 volts. Calculate 
the full-load current and the kilowatts for full-toad current on a 
cireuit having a power factor of 0.9. 

32. An alternating-current arc lamp burning at 60 cycles on a 
constant-potential 105-volt circuit has a power factor of 0.7. 7 
amp. are flowing through it. How many watts is it using? 

28. A certain single-phase A.C. motor marked 4 hp. is to be 
connected to a 200-volt line. It has an efficiency of 80 per cent. 
At full load it has a power factor of 0.8. What current flows through 
itatfuUload? 

24. Calculate the power factor for and the power used in each 
piece of apparatus described in question 20. 
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CHAPTER XI 
ALTERNATING-CUItltENT TRANSFORMERS 

124. Purpose of a Transformer.— In a later chapter it will be 
shown that when electric power is to be transmitted with a given 
percentage loss, a very great advantage results from the use of 
high voltage. If a higher voltage is used, a higher resistance line 
is correct; nob only proportionately higher but in proportion to the 
square of the voltage used. Thus if 1100 volts is used to transmit 
power rather than 110, the line resiat&nce is made 100 times 'as 
much. For according to the principle stated 10 times as many 
volts are used and 10' = 100. Making the resistance 100 times 
as much for the same transmission distance would make the re- 
quired cross-section ^oo as great and so the weight and cost of 
copper only J^oo aamuoh.' But electric power at high voltage has 
little use commerciaUy. It is dangerous to handle, lights cannot 
be made to use satisfactorily with it, and other apparatus using 
but a small amount of power is so expensive to make as to be 
impractical. Hence if the benefits of high voltage of transmission 
are to be combined with those of low voltage for the user, some 
apparatus is necessary which not only can make the transforma- 
tion but which can do this at any customer's premises and do it 
automaticaUy without requiring any attention. 

A transformer is such a piece of apparatus. Without it most 
of the engineering advantage in the use of alternating current 
would be lost. A transformer may be used equally well to 
receive energy at high voltage and deliver it at low, when it is a 
lowering or "step-down" transformer, or to receive energy at low 
and deliver it at high voltage, when it is a raising or "step-up" 
transformer. The same transformer will operate either way, 
transfonning from high to low, or low to high voltage. 

' ■ Rsfored to MCain in Bectton Z28. 
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12S. Foim and Constniction. — ^A transformer consiats funda- 
mentally of two coila of insulated wire having no electrical con- 
nection with each other, so placed that the flux produced by the 
flow of current in one will pasa through the other. As a means of 
g and directing the Sux in practical apparatus both coils 
are wound on the same iron core. 
F^. 163 shows them; each subdi- 
vided into two equal parts. 

Transformers are made with open 
magnetic circuits or with closed 
magnetic circuits. A transformer 
with an open magnetic circuit is 
one whose flux path is partly through 
air. Nearly all transformers are 
built with closed magnetic circuits. 
They may be of the shell or core 
type. The arrangement of the shell 
type is shown in Fig. 164, that of the core type is in Fig. 163. In 
either case it is hard to distinguish the separate coils; hepce in Figs. 
162 and 165 are shown the equivalent arrangements in a more 
satisfactory way. One coil has terminals marked PP and the 
other SS. In the actual transformer the coils are very carefully 
insulated from each other and yet are so placed, even by sub- 
divisions of either or both coils, so that all the flux which goes 



Fio. 162. 




Fio. 163. Fio. 164. 



Fro. 165. 



Pig. 166. 



through one must go through the other. In Fig. 166 is shown the 
conventional diagram regularly used to represent a transformer. 
It will be noted in the figures that one winding is intended to be 
shown by a coil ot many turns of fine wire and the other by one 
having fewer turns of coarse wire. Since a transformer transforms 
electrical energy at high voltage to electrical energy at low or vice 
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versa, it must hold true tliat a atep-up transformer which, re- 
ceives a large current at a low e.m.f., delivers a. small current at 
high e.m.f. This in part explains the size of wire found in each 
winding; it being proportioned to the current it must carry. 

The winding into which current is introduced is called the 
primary and that from which current is taken the secondary. 
Step-down transformers are so very common that it is a common 
but dangerous practice to call the fine wire winding (PP of the 
figures) the primary and the coarse wire winding {SS of the figures) 
the secondary. 

The iron cores of transformers are always laminated. Fig. 
165 has been drawn to suggest this, the core being built up of 
sheet iron cut to required form and piled up with the sheets lightly 
insulated from each other. This is necessary for the same reason 
that a dynamo armature core is laminated; the reversing flux pro- 
duces both a hysteresis loss and an eddy-current loss. The 
amount of these losses is greater in transformers than in armatures 
since the rate of reversal of flux is so much higher. Hysteresis loss 
is kept small by the choice of desirable kindsof iron; eddy-current 
loss by making the laminations thin (often no more than 0.007 in. 
thick). The laminations are bound tightly together so they 
cannot rattle against one another and produce a noise when the 
transformer is operating; they are placed so the flux has as nearly 
as possible a continuous iron path, without air gaps in which to 
flow, and are made so that usually the total cross-section through 
which the flux passes is the same at every point. 

126. Classification by Methods of Cooling. — When transformers 
are in service, as the result of current flowing in the resistance of 
the windings, and also because of the eddy-current and hysteresis 
losses in the iron core, heat is generated. In order to keep the rise 
in temperature within reasonable limits some method of cooling 
must be used. Those regularly employed are mentioned below. 

(a) Natural Radiation. ^-TioB is used with nearly all small 
transformers and with many large ones (see Fig. 167), The 
natural radiation from the surface of coils and core through the 
closed iron case, keeps theii temperature from rising too high. 
It is usual, however, to immerse such transformers in mineral oil, 
which must be absolutely free from acid and moisture. In such 
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case the heat generated in the transformer warms the oil and this by 
citculationcarrieaheat to thecase.by whichitisradiated. Trans- 
formerB are immersed m oil mainly to improve the insulatioa and 
to protect insulating fabrics from oxidation; but when covered 
with oil they are less accessible for transfer or repairs. In outdoor 
work a transformer planned for natural radiation if filled ^th 



Fig. 167. Fio. 168. 

oil will carry a heavier load with the same temperature rise, as 
illustrated by the following table: 

Watts capicity without (ul Watta capacity witli oil 

2,500 3,000 

7,500 8,750 

13,S00 15,000 

(6) Oil-insvialed and Waler-coi^ed. — On many large transformers 

in central station work not only is the transformer immersed in oil, 
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but a coil of pipe is also put inside the case through which water 
may be circulated and thus the oil kept cool. It in turn keeps the 
temperature of the transformer from rising too high (see Fig. 168). 
(c) Air Blast. — ^The transformer is placed in a case arranged so 
that air entering at the bottom passes up over the transformer coils 
and core, eventually passing out at the top. Such a plan of cool- 
ing is only feasible in central and sub-station practice. A blower, 
usually motor-driven, forces the air over the transformer, which 
usually has its coils and core so subdivided that the air can easily 
reach large surface areas. A common arrangement is to place a 
row of transformers over openings in a box or chamber in which 
air is maintained under pressure by a fan. A damper under each 
transformer case turns the blast on or shuts it off. Through 
openings in the top of the case the air passes out. A pinwheel is 
often placed there to show by a glance when the blast is on (see 
Fig. 169). 

127. Transformer Insulation.— -In a transformer, insulated wire 
must of course be usgd so that the current flows through all the 
. turns; but since the voltage on one 
coil is high, the primary and second- 
_ ary coils are very carefully insulated 

StiS \ b from each other. An example of the 

importance of this may be seen by 
considering the practical case for 
which F^. 170 furnishes the diagram. A supply of electrical 
energy at 2200 volts is delivered over the line t to a transformer 
which delivers 110 volts to lights on the secondary circuits. Sup- 
pose the secondary becomes crossed with the primary at a and 
on the supply line by chafing against the limb of a tree, a ground 
occurs at E. If now any person, while touching a water pipe or 
any other conducting or partly conducting thing connected with 
the ground were to touch the secondary circuit, at b for example, 
he would receive a 2200-volt shock. 

When high voltage is in use, insulation is as likely to fail by break- 
down as by leaks, By an insulation breakdown is meant a failure 
similar in character to that which would have occurred if a 
mechanical force had actually broken it. A high voltage test of 
10,000 volts is commonly applied between the two coils and also 



Fia. 170. 
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between the h^h voltage winding and the core, if the transformer 
is to be used with 1000 volts on Hb high voltage winding. 

The importance of this barrier will also be clear if we remem- 
ber that transformers are aubject to age deterioration, to bum 
outs, and to damage from lightning. 

128. Primaij No-load Current — If one of the windings of a 
transformer is selected and an e.m.f . applied to it, a current flows. 
Designs are always made in such a way that the amount of current 
which flows is determined by the reactance of the coil and not by 
its resistance. The presence of the secondary coil has no influence 
on the current flowing in the primary, for it is on open circuit. 
The current in the primary under these conditions lags far behind 
the applied e.m.f. Fig. 171 shows 
the relations, OE being the applied 
e.m.f. and 06 the current flowing. 
This current may be resolved into 
two components; a wattless current 
Oc and a working current Oa. The 
wattless current is what magnetizes 
the flux path. This may be clear 
it we remember that on any magnet 
(think of direct current) no power p,^, j^j 
is required to maintain the mag- 
netic flux. The same number of watts are spent in the wind- 
ing no matter whether wound on the iron core of a good flux path 
or stretched out in a "straight away run" and not used to magnet- 
ize at all. The working current multiplied by the applied e.m.f. 
gives the watts spent. Since the coil had resistance so low that it 
will not overheat under full-load conditions these watts are 
practically all spent in core losses; that is in hysteresis and eddy- 
current losses. 

129. Ratio of Transformation. — In nearly all transformers, aa 
already noted, the design is such that all the flux which passes 
through one coil must pass through the other. When the primary 
is connected to an A.C. circuit the flux through the magnetic cir- 
cuit varies, and as it varies it sets up an e.m.f. which will be found 
in each turn of both primary and secondary windings. This 
e.m.f. multiplied by the turns in the primary, is the e.m.f. of induc- 
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tance found there. The same e.m.f. per turn multiplied by the 
number of turns in the secondary is the number of volta generated 

in the secondary to be used in the circuit connected with it. 

When the reactance is very large compared with the reaiBtance 
of a coil the difference between the e.m.f. of inductance and the 
applied e.m.f. becomes negligible (see Fig, 154); and so they may 
be counted alike. This condition of affairs exists in the primary 
winding of a transformer. Hence we may write 

turns in secondary _ e.m.f. induc ed in secondary 
turns in primary e.m.f. induced in primary 

e.m.f. procured from secondaiy 
e.m.f. apphed to primary 

The ratio of transformation in ^ transformer is that of the e.m.f. 
procured from the secondary to that apphed to the primary. It 
is the same as the ratio of the turns in the coils and is practically 
constant for commercial transformers supplied from constant 
potential circuits no matter vhat the amount of current Sowing 
in each of the coils. 

It may be remarked incidentally that a transformer can operate 
only with alternating current. Varying flux due to the alternating 
primary current is the cause of the secondary e.m.f, 

130. Operation Under Load. — Suppose that with the primary 
connected to a constant-potential circuit the secondary circuit is 
closed and it delivers current to a non-inductive circuit such as a 
load of incandescent lamps. If the ratio of transformation is 
constant, the magnetizing current must be constant, for it settles 
the amount of the varying Hux and so of the e.m.f. generated per 
turn of secondary. The flux in the core varies between the same 
maximum amounts for all values of current passing through the 
circuits. The current flowing in the secondary will be in phase 
with the e.m.f. sending it. The secondary e.m.f, is in phase with 
the e.m.f. of inductance in the primary (generated by the same 
varying flux) which is in turn 180° in phase away from the applied 
e.m.f. See the right-hand diagram in Fig. 154 to confirm this. 

Suppose 50 amp, at lOO volts is in the secondary circuit and that 
the ratio of transformation in the trausfornier is >^o- ^-^ amp- of 
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working current at 2000 volte must then be flowing in the primary 
to account for the transformed power. The 2.5 amp. are in oppo- 
site phase to the 50 amp. and so the ampere<turns of the primary 
exactly neutraHze those of the secoudary, leaving the magnetizing 
current to maintain the same varying flux as though there were no 
load. In the primary circuit, under the conditions above stated 
there will be a current flowing as marlied in Fig. 172. Oa is the 
magnetizing part, aA the working part for supplying secondary 
energy. The real current flowing is Ob which may be thought of as 
having the three parts mentioned. Oc and Oa are drawn to the 
same scale as in Fig. 171. OE the applied e.m.f. is not drawn to 
scale. No'te how the power fac- 
tor of the circuit has improved 
ae the secondary is loaded. 
When the secondary is on open 
circuit the primary power factor 
may be as low as 0.5, while on 
full load it may be more than 
0.9. 

131. Regulation and Effl- 
dency. — Even when the primary 
is supplied with exactly constant 
potential a practical transformer 
has less volts at the secondary terminals under load than when 
the secondary is on open circuit. This is due in part to the small 
resistance in each of the windings; in part to magnetic leakage. 
However smaU the resistance of the coils it cannot be made 
quite negligible; no matter how careful the design some flux will 
pass through the primary under load, which will not get through 
the secondary. By the regulation of a transformer is meant the 
ratio of the rise of secondary terminal voltage from! full load to no 
load, to the secondary terminal voltage, expressed in per cent., 
constant potential being supplied to the primary. Thus a. regula- 
tion of 2 per cent, on a 100-volt secondary means that with 100 
volts at full load, 102 are delivered at no load. In a table below 
the regulation for some sizes of modern transformers is given. 
Should the load on the secondary be inductive the regulation is 
much poorer than that stated below. 




Fig. 172. 
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The loaseB in a transformer are small and the efBciency therefore 
high. The losses are all in heat, part in the windings and part in 
the core. Those in the core are called core losses; those due to 
I*R in the windings are called copper losses. In the design partic- 
ular care is taken to keep the core loss small because when working 
with open secondary only a few watts need be supplied. The 
following table gives amount of core loss (constant for all loads), of 
copper loss for full load (both primary and secondary) and the 
full-load efficiency, of a high-grade modem transformer. 
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96.5 
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40 


75 


1.95 
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10 


79 
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1-65 


97.8 


20 


129 


272 


1.5 


98.0 


30 


165 


270 


1.3 


98.2 


60 


242 


546 


1.2 


98. 4 



The core loss in a transformer is continuous while it is connected 
to the supply line. The copper loss is only present when current 
is taken from the secondary, and varies with the load. The "all- 
day efficiency" of a transformer is therefore of much practical 
importance. It is determined by dividing the watt-hours sup- 
plied by the transformer in 24 hr. by the watt-hours delivered 
to it from the primary line in the same time. It is usually com- 
puted on the basis of 5 hr. of full load and 19 hr. of no load. 

132. DietiibuUng Current by Transformers. — A very large num- 
ber of transformers are connected in distributing circuits as shown 
in Fig. 173. The primary line goes down the street supported 
on insulators on the top crossarm. This is tapped and through 
primary fuses (shown on second crossarm), current goes to the 
transformer primary. Leads from the secondary go to a cus- 
tomer's line (the service connection) by a direct Lne, from insula- 
tors on the lower crossarm. Oftentimes the secondary line is 
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carried along the game rout« as the primary but on a lower cross- 
arm. The secondary line is tapped at any point where a customer 
requires current. This arrangement is often extended so that a 
secondary network is formed similar to that described in section 
77 for direct current, a transformer secondary being connected 
like the feeder connection shown there. Such an arrangement is 
used so that a small number of transformers of large sise may serve 




Via. 173. 



a lai^e number of customers. This improves the all-day efficiency 
and reduces the cost of transformers required. 

Transfonners arranged for lowering voltage to customers are 
frequently made with two primary and two secondary windings. 
In Fig. 174 the traasfonner of Fig. 173 is shown in a plan view 
with the cover removed. The two primary windings (aa' for one, 
bh' for the other) end in terminals on a porcelain terminal block 
under screws on brass plates. These windings are put in parallel 
in Fig. 174 by means of strap connections shown. In Fig. 175 
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th« windings are put in seriee. If they are right for a llOO-volt 
primary line in Fig. 174 they will be right for a 2200-voIt primary 
line when connected as in Fig. 175, for with a given self-induced 
e.m.f. per turn, llOOvolts will be induced in each primary winding 
in either ca«e. Hence the flux through the core will be normal in 
each case. It must be noted in this connection that the windings 
must have the proper ends connected when such arrangementa 




Fia. 174. 



FiQ. 175. 



are made. Consider Fig. 175. If a' had been joined to b' and b 
comiected to the other side of the primary line, the primary fuses 
would at once have blown, for the flow of current could produce 
no fluit through the core and so no counter e.m.f. Every trans- 
former maker "poles" the windings so that if his standard 
method of connections is followed, a proper connection of the 
windings is always secured. 

In a similar way the two secondary windings are connected in 
either series or parallel. In Fig. 174 the two winding are a^ 
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and dd'. The ends are brought out through porcelain bushings 
and the crosS'COnnectionB made outside the transformer. Sec- 
ondary fuses are reached at the entrance to a customer's premises. 
It is very important to have these windings properly "poled." 
If c* were joined to d' and d connected to the other side of the 
secondary line, Fig. 174, no voltage would be available. If in 
Fig. 175 c were joined to d' and c' to d the secondary windings 
would be in parcel, but if the primary were connected to line the 
secondary windings would be burned out if the primary fuses 
failed to open the circuit. The reader will do well to study this 
out carefully and also go over the marked secondary voltages in 
Figs. 174 and 175 to be sure he sees they are correct; the same 
transformer is simply reconnected in the second figure. 

133. Three-wire Distribution. — On alternating-current, low- 
voltage secondary distributions the three-wire system is used as 
much as on similar direct-current work. Secondary networks 
are commonly three-wire systems, and individual customer's 
connections, except those having a very small number of lights, 
would be made the same way. Referring to Fig. 174, if a wire 
were connected at X, it would become a neutral and lll>-volt 
apparatus would be connected between it and either of the dis- 
tribution lines shown. Transformers are made expressly for use 
on three-wire distributions. If of the core type they would have 
the secondary winding so arranged that half of that for each side 
of the system is on each leg of the transformer. The voltage of 
each side' on unbalanced load is better maintained when thj^ is 
done. 

Very frequently the neutral of a three-wire system is perma- 
nently grounded. This is done as security against danger to 
customers as the result of a cross with the primary. Even if a 
ground on the primary line coupled with a cross between primary 
and secondary exists, a person coming into contact with either 
side of the secondary circuit could not receive a shock due to more 
than the voltage carried between that side and the ground. 

134. High-voltage Transmission, — Transformers are often used 
at both ends of a transmission line : at the sending end to raise the 
voltage for transmission; and at the receiving end to lower it for 
use. Such transformers differ from others already described only 
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in the careful arrangement of parts to secure necesBary insulation. 
The voltage in modern practice may be raised to as much as 
150,000 volts. Fig. 176 shows a possible arrangement for such 
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transmission. No particular relation exists between the size of 
the raising transformer B and those for lowering the voltage 
again. 
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136. Constant-current Transfonners.— A good many circuits 
for lighting street lamps are arranged with the lamps in series, 
A constant current must be supplied over them if the lamps are 
to give a constant light. Alternating-current dynamos operate 
at constant potential. A certain sort of transformer affords the 
means of transforming the constant volts and variable current to 
constant current and variable volts. Fig. 177 shows an arrange- 



ment ot such a transformer. It has the shell type with a fixed 
primary and a secondary hung from a lever weighted at the other 
end. This weight neariy balances the weight of the secondary 
coil. If the secondary circuit is open the secondary coil rests on 
■the primary. If the secondary circuit is closed a magnetic re- 
pulsion between primary and secondary coils drives the secondary 
upward. This repulsion is easily understood by applying some 
simple principles stated earlier. The currents in primary and 
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secondary are in oppoaite phase, that is in opposite direction. 
Consider a wire of the secondary carrying current and placed in 
the magnetic field of the primary. Fig, 178 shows such an arrange- 
ment. Apply the rule, of section 84 and the direction the second- 
ary moves is upward. By suitable balancing weights a very slight 
upward thrust of the current in the secondary will drive it away 
from the primary. As it moves away, the volts generated in it 
diminish because a considerable part of the fiux through the 
primary does not follow the iron magnetic circuit but crosses the 
air gap between the primary and secondary coils. A decrease in 
the resistance of the secondary circuit results in an increase of 
current, hence in a greater repulsive effect. The secondary coil 
moves farther away and as the voltage 
diminishes due to the new position, the 
current is reduced to nearly its former 
amount. By suitably arranging the 
balancing the current will stay practi- 
cally constant for all resistances of the 
secondary circuit up to the maximum 
for which it was designed. 

The primary applied e.m.f, may be 
any desired value. The current pro- 
duced in the secondary is commonly 
one of the following values: 3.5, 4, fi.5, 6.6, or 7.5 amp. The 
power factor of the primary is not over 0.8 ftt best. As the 
secondary recedes it rapidly becomes lower. In the usage of 
some makers the primary is fixed and the secondary moves, while 
in other cases the secondary is fixed and the primary moves. 

136. Special Transformers. — AvUo-transformers are those in 
which the same coil is used for both primary and secondary wind- 
ings. Since in the primary a certain number of volte are generated 
per turn of winding, exactly the same as in the secondary, a tap 
may be made into the primary and part of it be used as a second- 
ary. Fig. 179 showB the arrangement. If there are 200 turns in 
the primary and 440 volts are applied, a tap to the secondary so 
that 50 turns are included between its leads would mean 110 volts 
available. The figure is marked for a certain flow'iof^urrent to 
suit the voltages stated. The current in primary and^secondary 
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circuits is opposite in phase. The ratio of transformation in auto- 
transformers is small, frequently H or 2. They are used to save 
expense where no danger will be incurred due to high voltage 
being connected with the secondary 
circuit. 

Feeder regtd<UoTS are transformers 
having connections arranged as 
shown in Fig. 180. The primary is 
connected across the line and the 
secondary in series with it. By hav- 
ing a awiteh to select the number of Fio. 179. 
turns of secondary which shall be 

used, the number of volts supplied to the feeder can be increased 
above those the dynamo supplied by a moderate amount or by 
reversing the secondary connection, reduced below what the 




Fig. 180. 

dynamo supplies The switch has to be so arranged that the 
circuit can be kept closed all the time, but no secondary turns 
short-circuited when the switch is moved. 

Series tran^oTmers are placed in series 
in a circuit to transform the current from 
one value to another. A very common 
use is in connection with switchboard in- 
struments and control devices. It is de- 
sired to keep the high-voltage current 
from the indicating instruments and at 
; the same time to change the current to 
Fig. J81. an amount convenient to handle. The 

current in a main high-voltage circuit 
may be 50 amp. On a secondary circuit an ammeter is con- 
nected and through it a current of 5 amp. flows. Its scale is 
marked off to read 50, but only hght wires entirely Insulated from 
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the main current are carried to it. The traDsformer deBign is made 
expressly to keep the ratio between the two currents fixed in 
amount. If the circuit to the ammeter should open for any reason 
a considerable impedance is introduced into the main circuit; a 
good many volts are therefore lost in the instrument transformer, 
and a volt^e may be generated between the open ends of the 
instrument circuit large enough to be dangerous. 

QUESTIONS AND PROBLEMS 

1. A transformer has 1860 turns in one winding (a) and 93 in 
another (6). How many volts will be found between the terminals 
of 6 when 1000 volts are applied to o7 How many from a when 100 
are applied to 57 

3. A transformer has a winding of 1160 turns for a primary, and 
it is intended to have 1040 volts applied. I want 208 volts on the 
secondary circuit. How many turns should be put in the winding? 
Suppose the primary appUed voltage were raised 10 per cent., how 
many per cent, and to what voltage would the secondary e.m.f. be 
changed? 

8. A certain transformer has 2200 volts applied to one winding (P) 
and at this time 356 volts are delivered by the other winding (S). 
(a) If the number of turns of winding in the S coil are 250, how many 
in the P coil? (b) If 20 amp. flow in iS coil and are in phase with the 
volts there, how many amperes should be expected in coii P? 

1. Why is it that the current in the primary coil of a transformer 
lags far behind the appUed e.m.f. when the secondary circuit is open? 
Why is the power factor of the primary small when the secondary 
ia lightly loaded, and large when the secondary is heavily loaded. 

5. A 10-kw. transformer transforms from 2000 volts primary to 
200 volts secondary. The primary resistance is 5 ohms and that of 
the secondary 0.05 ohm. The core loss is 150 watts. Calculate 
the efficiency at full load. (Count the load non-inductive and add 
the I'R loss in both windings to the core loss for the total loss.) . 

6. A certain 10-kw. transformer has a core loss of 250 watts and 
a full-load copper loss of 100 watts. Calculate the all-day efficiency 
on the basis of 5 hr. of full load and 19 hr. of no load. (Add copper 
and core loss to output for input, and neglect copper loss at no load. 
Calculate everything in watt-hours for a whole day of 24 hr. The 
efficiency is the total watt-hours dehvered over the secondary, divided 
by the total watt-hours suppUed to the primary, multiphed by a 
hundred.) 
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7. Recalculate the all-day efficiency for the transtonner of problem 
6 assuming the copper loea sod core losa are exchanged. Compare 
with the result of problem 6, and state which transformer would be 
beat to use in regular service. 

8. Referring to the table in section 131 for data, determine by 
calculation whether it would be more economical in watt-hours used 
to supply current to a certain group of five customera by giving 
each one a separate 2-kw. transformer, or to group all of them on one 
10-kw. transformer. Make the asaumption that on the average the 
traosformeis work at half load. Assume losses in distributing lines 
may be neglected. 

9. Referring to the middle of section 130 " 

and to the figure here, tell how many volts there P 

are from a to c and why. To the terminals a to i 

b there are 1000 volts applied. The ratio of 
transformation is Ho' 

10. The figure here shown is for the same transformer as shown 
in Figs. 174 and 175. When 2200 volts are applied to the primary as 



11. In the figure v 



shown, how many volts are delivered by the secondary circuit to 

the lamps and why? 

see a transformer in which when 2200 volt« 
are applied between M and N, 110 are 
found on a secondary winding from a to 6 
and 110 on another from c to d. How shall 
a determination be made of a plan of con- 
nections so the two secondary windings 
\j may operate in parallel? Make the answer 
practical and use nothing more than an in- 
candescent lamp for testing apparatus. 
12. A certain auto-transformer has its primary connections across a 

2200-volt circuit. There are 1200 turns in this winding. At what 

points shall it be tapped to get 275 volts? At what points for 55 

volts? 
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CHAPTER XII 
POLYPHACT-CUHREHT PRIHCIPLES 

137. First Definitions.— -The term polypbaee currents is used in 
connection with A.C. Bystems of distribution in which more than 
one current is used in the same distributii^ system. Each 
current flows in its own circuit but has the same frequency 
as others and is maintained at a fixed phase difference with them. 
So far single-phase A.C. only has been dificusaed, that is one which 
flows in a simple two- or three-wire circuit. The applications for 
polyphase circuits are shown in later chapters. 
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Two-phase currents differ in phase by 90° or quarter period. 
They are in quadrature, as shown in Fig. 1S2, where h la^ quarter 
period behind Ii. Three-phase currents differ in phase by 120' 
or J^ period. Each of the three lags }4 period behind the one 
next preceding. Thus in Fig. 183 /, lags 120° behind I,, /, 120° 
behind 72, and 7i lags 120° behind 7j. Two-phase currents and 
three-phase currents thus described are the ones in common use. 

In order to generate the e.m.f. to send two-phase currents, we 
need only produce two alternating e.m.fs., one of which has a 
maximum value when the other is zero. The methods used for ' 
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this as well as for geaerating e.m.fs. to send three-phaee currents 
will be described in the next chapter. 

138. Two-phase Circuits. — Think of two A.C. dynamos each of 
which generates an e.m.f. and sends a current through a circuit 
exactly as set forth in Chap. X. In addition suppose these 
e.m.fs. axe somehow arranged to keep a fixed difference in phase- 
quarter period in this case. They are shown in Fig. 184. In 
a system such as this the appa- 
ratus supplied with current from ^^^ /C^T 
one of the dynamos is said to be A pii«" (/7~) L 
on the "A phase" and that sup- y~ 

phed from the other to be on the ^^.z f^C] 
"B phase." Between a and 6 BPh«e'^L 
any apparatus may be connected Fio. 184. 

and the current which flows will 

obey the laws already stated. The same would of course be true 
of apparatus connected between lines c and d. If any practical 
electrician were engaged in running these four lines by the same 
route, he would be certain to think of combining two of them into 
a common return. This is done in Fig. 1S5, lines b and c having 
been combined. The connections now surest the common three- 
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Fio. 185. 



Fig. 186. 



wire system, but conditions are quite different. The 100 volts 
delivered by No. 1 machine combined in series with 100 volta from 
No. 2, taking account of the phase difference, will give the volts 
from A to C. They are combined in Fig. 186, the value marked 
being obtained from VlOO' -|- iOO'. The diagonal of a square is 
always 1.41 times the length of either side, and ao to lind the volts 
between the outer wires of a three-wire, two-phase system 
multiply the volts of either side by this number. 
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The currents flowing in the lamps ore the s&me as those which 
would have been flowing if the system had been left four-wire as in 
Fig. 1S4. Suppose the lamps Jn Fig. 185 are alike and each has an 
impedance of 50 ohms. Currents I a and Ic will then each be 2 
amp. The current in In must be the combined value of Ia and 
/p. Fig. 187 shows how this combined amount ia 1.41 X 2 = 
2.82 amp. But the common return might have been chosen by 
combining wires as in Fig. ISO, where b and d make a common re- 
turn and not 6 and c. Fig. 188 shows how the currents would then 
be combined. Notice that Ic is simply reversed and that the 
amount of Is is tbe same as before. ■ Iti passing it may be noted 
that when the four wires of a two-phase system are to be combined 
to make a three-wire line, either wire of the A phase may be com- 
bined with either one of the wires of the B phase to form the "com- 
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mon return," and exactly the same results be secured. Should 
the currents in the phase wires be different in amount, that in the 
common return is still easy to determine by the use of a figure like 
187 in which I a and Ic are given lengths representing their cor- 
rect values. Measurements of Ib can be made when its calcula- 
tion is too difficult. 

On a three-wire, two-phase line the outside wires only may be 
used and a dngte-pkase alternating current be derived. Referring 
to Fig. 185, the 141 volts between A and C can be used for any 
purpose, but its value is usually sufficiently different from anything 
used on ordinary apparatus so that it is unavailable. To take 
current there would also cause the generators to operate with a bad 
power factor. 



:dbvGoogIe 



Chap. XII] POLYPHASE-CURRENT PRINCIPLES 



213 



139. Two-phase Transformer C<ainectioDB. — All the facts 

about transformers and transformer connections apply when used 
in polyphase circuits. There are polyphase transformers, but 
they are rarely used. Transformers as already described for 
single-phase circuits are connected in combination for polyphase 
work. In Figs. 190 and 191 are shown connections to two-phase 
high-voltage hnes for transformers having a transforming ratio of 
iio- I^ either case the secondary circuits may be handled 
four-wire or three-wire as desired. The results would be exactly 
as shown in Figs. 185 to 189, the line wires being similarly marked. 
In many cases in practical distributions, transformer No. 1 might 
be at one place along a line serving a customer and No. 2 at a 
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different one serving a different one. The secondary of each 
transformer might have connections like those shown in Fig. 174 
and a wire be brought out at .X so a three-wire, single-phase system 
was secured (section 133). 

140. Three-phase Preliminaiy Notes. — Certain simple D.C. 
relations are presented here as an aid to making clear the e.m.f. 
and current combinations which are commonly found in three- 
phase circuits. 

Fig. 192 shows two D.C. dynamos, each independently con- 
nected to its own load. The wires are numbered for convenience. 
Suppose each lamp takes 2 amp. from the line to which it is con- 
nected; then each of the wires 1, 2, 3, 4 has 2 amp. in it. 

Refer next to Fig. 193. The same dynamo circuits are in use 
except for the fact that wires 2 and 3 have been combined for a 
"common return." The two dynamos are combined in series and 
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the difference of potential from 1 to 4 is 200 volts while the cur- 
rent in the common return ia zero. Note that by thie combination 
of e.m.fa. in series a large e.m.f. results (in this case twice that of 
either one) and only a small current flows in the common return 
(in this case none at all). 

But refer further to Fig. 194. The two dynamo e.m.fs. are 
still connected in series. We now have wires 2 and 4 combined 
for the common return. In this case the difference of poten- 
tial from 1 to 3, the outside wires, is nothing, while the current in 
the common return is 4 amp. Note that now the e.m.fs. com- 
bined in series give a small fesult (in this case nothing) and that 
the current in the common return is big (in this case twice as 
much as in either one of the other wires). 

There are only two ways to combine these e.m.fs. in series; one 
is as in Fig. 193 and the other as in Fig. 194. Any two e.m.fs. may 
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Fig. 194. 



be combined in series and results similar to those here noted be 
found. These principles from D.C. work should be kept in mind 
as the next paragraphs are studied. 

141. Four-wire Three-phase Connections.— It has been already 
stated (section 137) that three-phase currents are three separate 
currents ha^ng the same frequency but di&ering in phase by 120°, 
combined in a system. They must each be sent by its own e.m.f., 
and so three e.m.fs. with this same phase difference must be avail- 
able. Sources for such e.m.fs. and line wires from them are shown 
in Fig. 195. Six wires for distribution are never used. In prac- 
tice some combination is made use of to reduce the total number to 
4 or/even 3. In what follows the A, B oi C phases will be freely 
referred to. 
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If Ea and Eb are connected in series, they must be joined either 
as shown in Fig. 196a or 1966. Figa. 197a and b show Ea and 
Eb, two e.m.fs. with 120° phase difierence, combined by the usual 
methods of combining alternating e.m.fs. in series. If then the 
iB.m.f^ from 1 to 4 (Fig. 196a) is Eg, that from 1 to 3 (Fig. 1966) 
must'be Er, for the only diffwence is 
that the connections shown for Eb in 
Fig. 196a have been reversed for Fig. 
1966 as has also the line representing 
this e.m.f. in Pig. 197. The current 
in the "common return" in either case 
must be determined from similar dia- 
grams, in which currents at 120° are 
combined. But if the two e.m.fs. are 
combined to make En, the current 
combination must be made as in Fig. 
199 to get the amount in the common 
return (refer to the corresponding thing for D.C. in the previous 
section). 

It must further be noted that since we are dealing with alter- 
nating e.m.f., the diagram of 196a need not necessarily be repre- 
sented by 197a; it might be that the combination of e.m.f. in 
F^f. 196a is shown by 1976. 



Fia 195. 




Take Fig. 198 now in which a four-wire arrangement of a 
three-phase distribution system is shown. Wires 2 and 6 have 
been*|joined to 4 for a common return. If A, B and C each 
generate 100 volts Ea, ^b and Ec are each 100. From 1 to 3 
the e.m.fs. of A and B are combined and care is taken to connect 
them to secure an e.m.f. aa shown in Fig. 1976. The number 
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of volta at P if carefully measured from such a figure, in which 
Ej^ and Eg were carefully laid off to be 100 units long, would be 
173 volta. The diagonal of such a figure as that shown in Fig. 
I97& is always 1.73 times the length of either of the equal sides. 
Q.and R are similarly made up of B and C and A and C respec- 
tively and each is 173 volts. • 




Three lamps are shown connected. Each one receives cur- 
rent from its particular machine; a from A, 6 from B, c from C. 
The current in the common return 4 is now to be determined. 
That through lamps a and b together must combine according 
to the arrangement of Fig. 199, for e.m.fs. Bj^ and Bb were com- 
bined according to the arrangement of Fig. 1975. If 1a and Ib 
are equal, in this case laid off to be 2 amp, each, it will turn out 




Fio. 198. 

that I, their value when combined, is also 2 amp. Now the 
current which fiows in the common return is the combination of 
^Aj ^fl. and Ic. It has been shown that I a and Ib together make 
I. Fig. 200 shows the three currents in their three-phase re- 
lation. A comparison of this figure with 199 will show that / 
is equal and opposite to Ic- Hence the current in the common 
return is zero (non-existent). 
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Note carefully that this is trae only when I a, Ib and Ic are 
all equal. In a conaiderable amount of three-phase work when 
the currents ou phases A, B, C are apt to vary and be different, 
some current flows in the common return or neutral. 
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1^ Three-phsse Star Connections. — In cases where the load 
is "balanced," that ia the currents on each phase are always the 
same, and there ore a good many in practice, the common return 
can be omitted since no current then flows over it. The system 
takes the form of Fig. 201, the place for the neutral being from 
a to 6, Thisstyleof connections ia known aa star or Y; the reason 
ia suggested by the connections shown for the lamps in Fig. 201. 




143. Three-phase Mesh ConnectiDns. — Another way of com- 
bining the three e.m.fa. is shown in Fig. 202. Wires 2 and 3 
are joined for the common wire 7, 4 and 5 for 9, and I and 6 for 
8. Dynamo A sends current to lamp a, B to lamp h, and C 
to tamp c. All three e.m.fs. being assumed at 100 volts, each 
lamp has that many volts to send current through it. Each 
machine sends current to ite own consuming devices but the 
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number of diBtributing wires has been reduced from six to three. 
The two e-mia. Ea and Eb between 1 and 4 are combined ftoeord- 
ing to the plan shown in Fig. 197a. That is the volts from I to 
4, Ea and Eb together, would be also 100. If the dynamos are 
BUGcesaively passed through, 1, A, 2, 3, B, 4, 5, and C to 6 and 
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on to 1. it will be noted that the machines are connected by a 
short-circuit through each other. If the connections are properly 
made, however, the combined e.m.f. of Ea and Eb turns out to 
be equal and opposite to Ec- Hence no current can flow by way 
of the short-circuit (see Fig. 203). 

If the e.m.fs. have combined according to 
the diagram in Fig. 197a the currents must 
be combined in the common return wires 
according to the plan of Fig. 1976 (see the 
corresponding thing for D.C. in section 140), 
The current in line 7 must be shown by the 
construction of Fig. 204. If I a and Ig are 
each 2 amp., the current in 7 paust be 1.73 X 
The same reasoning holds for each of the other 
With this plan of connections the load may be 



2 = 3.46 amp. 
wires 8 and 9 
balanced or unbalanced. Each dynamo supplies its own load. 

The set of connections shown in this section are called mesh or 
A (that is delta, a Greek letter). The arrangement of the lamps 
in Fig. 202 will show the appropriateness of this designation. 
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141. Thiee-pliase Transformer Connectioos. — Single-phase 
transformers are commonly used on three-phase lines. Any phase 
Is transformed as though it alone were dealt with. Connections 
for lines where voltage is to be reduced for service connections to 
customers wUl be speciiJly referred to. If single-phase A.C. only 
is required this is secured by connection to any one phase. Thus 
in Fig. 205 at M there is such a three-wire, single-phase connection 
. and at P a similar one on another phase for two-wire connection. 
In distribution, care would be taken to keep the load nearly 
balanced among the phases when such connections are made. 
At JV is a set of three transformers connected A to the primary 
llOO-volt, three-phase line, and also connected A on the secondary 
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side. If the transformers have their primaries designed for 1100 
volta and are arranged with a transforming ratio of >fo, 110 volts 
three-phase will be available on the secondary circuits. At 
is shown a set of three transformers with primaries Y-connected 
to the same line. Tf the secondaries were also Y-connected, the 
transforming ratio being }-{o, a three-phase secondary 110-volt 
line would be available. This connection is not often used, for 
transformers are built to receive standard line voltages like 
1100, 2200, etc., while here each would have only 636 volts apphed 
to it. When star connection is used the neutral point (marked 
■Z) is often grounded; not so that a fourth wire of the system may 
be secured through which current may flow when there is an 
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unbalanced load, but so that by means of a "ground" the same 
advantages may be secured as already referred to in section 133. 

If primary connections are made A there is no reason why 
second&ry connections should not be made Y and vice versa. 

The convenience of using standard voltage alone, accounts for 
the common plan of using the same connections on each side. 

In any case the connections among the secondary terminals 
have to be handled carefully and intelligently. With A connec- 
tions it is easy to make a bad short-circuit. Before the connec- 
tions at X were closed, for example, it must be known that there 
is no difference of potential there. If there is a difference of 
potential one of the secondaries must have its connections reversed. 
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In a similar way for Y-connections such e.m.fs. as shown in Fig. 
197ffl rather than those indicated by Fig. 1976 may be secured by 
a reversed connection of secondary leads. 

The advantage of Y-connectiou from consideration of the coat 
of wire, is so great that four-wire secondaries are frequently used 
in distributing current in buildings. The primaries are best 
A-connected and transformers of standard transforming ratio 
used. Fig. 206 shows the transformer secondaries only, connected 
star; and a four-wire line marked A, B, C, X. If the primary line 
is 2500 volts and the transforming ratio Ho the lamps (shown 
connected) are supplied with 125 volts. It should be noted that 
lamps connected like a receive current only from one of the 
transformers; hence an unbalanced star-connected secondary 
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load produces no diiBculty like that when the neutral line X is 
not in use. It should further be noted that the three wites A, B, 
C, constitute a 216-volt three-phase diatribution system. This 
might be used for operating special three-phase apparatus or any 
balanced load. The wires would be taken out as shown at Z. 

146. V-connections, Three-phase.^ — One of the advantages of 
the i-transformer connection for threo-wire, three-phase lines 
is found in the fact that if one of the transformers develops a 
defect and must be cut out the three-phase load can still be carried 
on the other two. In Fig. 
207 suppose transformer C 
to be cut out. Lamp c will 
not go out for it is across 
the terminals of A and B 
in aeries. But the combined 
e.m.f. of A and B ia the 
same as that developed in 
C (refer to E. in Fig. 203). 
The three lamps will all 
bum as before but an un- 
balanced load would thus be put 
making 
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1 the system. A connection 
i of the two transformers only on a three-phase system 
mpply a three-phase load is known as a V-connection. It is 
used sometimes to save transformers when only a small amount 
of power is to be used. 

QUESTIONS AND PROBLBUS 
1. On a certain two-phase line there are two 7S0-watt incan- 
descent lamps. Determine the amount of current at a, b, c, d, e. 
Determine also the amount at each place if the lower lampis turned off. 




3. On a two-phase line the wiring from transformer secondaries 
& done as ahown here. Determine the volts at a, at b, at c. 
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5. Here is & two-phase three-wiie eystem. /// are fuses. I>ue 

to some peculiar effect the fuse in line B melta 

A ,_/^ off. Lamps X and y are precisely alike (take 

'"t^- B ^ 6 * them at 110 ohms). How many volts on each 

"^- c 'j Q» and what current through each (a) before the 

fuse opens; (6) after it opens. 

4. On a two-phaee system with balanced load on a three-wire 

distribution 12 kw. ie being distributed at 200 volts at a power factor 

of 0.8. Calculate the current flowing in each of the three lines. 

B. Using Fig. 191 draw completed secondary circuits, putting on 
them a balanced load of 60 100-watt lamps, and calculate the 
current in each of the primary wires A, B, C> 

6. For the two-phase line shown at the left below determine the 
amount of current at a, b, e, d, e, where each lamp has an impedance 
of 25 ohms. (Refer to the end of section 138, and measure diagram 
if calculation cannot be made.) 
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7. Above at the right is a diagram for current distribution on a 
two-phase system. Find and record difference of potential between 
lines as indicated at a, 6, c, d, e, f, g, h. Show your work, 

8. Referring to Fig. 201, determine the values of e. mi. between 
various lines (like those in that figure] if each alternator has a terminal 
F.D. of 220 volte. If each is delivering 10 kw. at a power factor of 
0.9, how many amperes are flowing on each of the three wires? 

B. If in Fig. 202 wire 9 were to break, what changed conditions 
would be found? It is assumed that each dynamo delivers 120 
volts, and each current-using device had i amp. through it before the 
wire broke. Make the answer numerical 
to show current in each device and over 
each line. ^ ( 

10. In the figure here shown the terminal 
voltageofeachalternatorislOOvolts. Each „^ 
lamp receives 600 watts. What current ie 
flowing at each lettered point? The usual ^Z 
three-phase dynamo relations and plan of 
connections hold. 



H 
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11. In the figure made for the preceding pToblem determine the 
volla between each line wire and every other line wire. 

12. I have to connect 45 inoandescenX lamps to a three-phaae 
secondary system. No more than 9 can be connected to any branch 
two-wire line. Make a diagram to show how to connect them. Let 
the connections include the secondary coils of necessary transformers. 
Show a balanced load. 

13. A three-phase three-wire system is so arranged that there is a 
P.D. between wires of 1000 volts and 34.6 amp. flows in each wire. 
There are three transformers cormect«d A through which, on second' 
ary circuits, the load is served. Calculate the current in each trans* 
former primary, and the power supplied over the system to them at a 
power factor of 0.9. (For the last determine the power of one trans- 
former and multiply by 3.) 

14. The primaries of three transformers have been connected to a 
three-phase line as shown at N in Fig. 205. How would you proceed 
in the practical case to determine how to connect the secondaries in 
order to have the proper A connection? No testing apparatus 
e:(cept a llO-volt incandescent lamp is to be made use of. 

15. There are three wires coming from a generating station. It is 
not possible to. examine machinery in the station, but any t«st8 
desired may be made. How could one tell whether the system was 
(o) direct-current, three-wire; (.b) alternating-current, three-wire, 
single-phase; (c) alternating-current, two-phase; (d) alternating- 
current, three.phase. Assume low voltage distribution. 
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CHAPTER XIII 

ALTERNATORS 

116. Generation of Alternating; E.ni.f. — Fig. 208 represents an 
outline carcase for a multipolar D.C. machine. A smooth drum 
armature core is arranged to revolve within a set of poles 
around which direct current flows magnetizing the flux paths in 
the usual way. A wire secured to the outside of the armature 
core would have e.m.f. generated in it when in position a on line 
2; none when in position c on line 3, etc. In the lower part of the 
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figure a plot is made to show how this e.m.f. would be. The e.m.f. 
is in one direction at a and is in the opposite direction but equal 
in amount when at 6. The olot shows something which suggests 
an alternating e.m.f., two cycles being completed in one revolution 
of the conductor as it cuts the flux. As the conductor passes 
before a pole the rate of cutting flux is constant and so the gener- 
ated e.m.f., as indicated by a horizontal line in the e.m.f. curve in 
the region 2, or 4 in the figure. If now a coil be made exactly 
like that for a D.C. drum armature with one side at a and the other 
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at 6, the volts available would be the number generated iii a wire 
multiplied by twice the number of turns in the coi!, and the e.m.f. 
generated aa the coil revolves would be altematii^. A formula 
to use for any such armature winding, to express the amount of 
e.m.f. generated, might be arranged thus: 

Ave. E (in volts)' = „„ 

^ ' 100,000,000 

The same symbols as those in section 39 are used, the average 
e.m.f. generated in any wire multiplied by the number of wires 
on the armature giving the total e.m.f., if all the armature wires 
are in a single series. Since, however, it is the effective e.m.f. 
we are interested in, and the relation between it and the amount 
above depends on various matters including the particular prac- 
tical arrangement of the winding and the wave shape of gener- 
ated e.m.f. (referred to in succeeding sections), the only way to 
arrange the formula is to state it with a letter K included, for 
which the proper number belonging to the armature considered 
may be substituted in making calculations: 

„- . ^ 2K^nc 

Efiective E = — 

100,000,000 

U7. Armature Winding for an Alternator. — Four coils may be 
placed in positions similar to the one on the core with one side at 
a and the other at 6. They may be connected 
in series so that all the individual e.m.fs. will 
add. Fig. 209 shows the connections, the 
armature being in position for maximum 
e.m.f. Some means must be provided for 
continuously keepii^ hold of the ends m and 
n and then the alternating e.m.f. can be used 
to deliver current to a circuit. For this pur- 
pose insulated metal rings, called slip rings 
or colleotii^ rins^i ^^ placed in a location similar to that used 

> The itudent miut not m&kc the miBtnke of tbioking that soy sllemstbc e.m.f. 
micbt hare (d sTeraie mlue ol leco, because it ii halt the time in one direction 
and halt tha time ■ dmilac e.m.l. in the other direction. Since it sends a current 
it eoDld Dot haTe an average value oI lero. By average value is meant the averaae 
numetical value in any half cycle, or the average without regard to diiGction. 
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for thq commutator of a D.C. dynamo. On these brushes rub 
and through them current is delivered to the external circuit (see 
Fig. 211). 

Smooth core armatures are not in use. To make the design of 
Fig. 209 practical, a large and shaped tooth form may be used 
with a coil wound' around each tooth. Each coil might contain 
50 or more turns. Fig. 210 shows how this would be done. The 
coils are shown connected in series. To assist in makii:^ the 
winding plain, a perspective view of the arrangement of two coils 




is shown on the right, while below there is a reproduction from a. 
photograph of such an armature in process of construction. It 
is only alternators of older types which have this style of tooth 
construction. If the machine had eight poles and eight coils 
were connected in series on the armature to generate 1000 volts, 
each one would generate 125 volts. If it is desired to change 
the same machine so it produces 250 volts, all that need be done 
is to separate the coila into four lots of two in series and join the 
four sets thus secured in parallel connection. Fig. 211 shows 
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bow the connections are brought out to collector rings and the 

e.m.f. made available In the external circuit. 

Most machinefi have armature cores slotted like those for D.C. 
machines and form-wound coils are disposed in them. The ar- 
rangement in Fig. 212 is equivalent to subdividing each of the 
coils of the winding described in the last section into two or more 
parts, these subdivided coils being spread over enough surface so 
that each has a different slot from the others. Fig. 213 shows two 
ways in which this may be done, three coils taking the place of a 
single large one. After being placed, the ends would be so joined 
that the e.m.fs. of any set would add up in one series; the sets 
would then be connected in series or parallel as desired. 

148. Frequency and Wave Shape. — In connection with Fig. 208 
it has been noted that a cycle of generated e.m.f. has been passed 
when a particular point of the armature haa passed two poles. 
Hence the frequency of an alternator is obtained by multiplying 
the number of pairs of poles (half the number of poles) by the 
revolutions per second of the armature. In order to secure com- 
mercial frequencies, machines must be quite multipolar unless 
the speed is very high. In case of alternators connected to high- 
speed turbines, two-pole or four-pole machines are common. 
When direct-connected to slow-speed enpnes the number of poles 
may be sixty or more. 

The wave form is regulated by the way in which the winding is 
distributed and by the way the flux spreads over the pole face. 
By shaping the poles, altering shapes of teeth, or modifying dis- 
tance from armature core to pole face at different places under 
the same pole the distribution of flux across the pole face can be 
regulated. Most machines are designed to produce wave forms 
such as are shown in the figures accompanying Chap. X rather 
than such as represented in Fig. 208. . 

119. Field Excitation. — In order to set up and maintain mag- 
netic flux through the magnetic circuit of an alternator, direct 
current must be used. This current is derived from a separate 
D.C. machine. In many cases this machine, "the exciter," is 
belted from the alternator (see Fig. 214), In some cases a D.C, 
armature is mounted on the same shaft with the A.C, armature 
whose fields it supplies with current, while in large stations the 
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D.C for excitation is supplied from an independent power plant. 
A fiOOO-kv.a. machine operating at high efSciency might use 100 
kw. of direct current for field excitation. 

Alternators are built to supply constant-potential circuits. 
As the current drawn from them grows, the volts supplied would 
drop like the upper part of the curve for the characteristic of a 
shunt dynamo (see o to 6, Fig. 80). On short-circuit the current 
delivered by an alternator would be quite large, perhaps four or 
five times full-load current. It is not more because the reactance 



Fig. 214. 

of the armature coils is more important than their resistance in 
controlling the current which flows. If the voltage is to be main- 
tained constant at machine terminals, therefore, the field current 
must be increased as the load on the dynamo gets bigger. This 
is frequently done by hand adjustment of rheostats in the exciter 
circuits. 

In the past, alternators were made with arrangements which 
included field windings like those for compound D.C. dynamos 
to secure constant potential. Few of them are now in use. 

The field excitation necessary in order that a given voltage be 
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supplied depends not only on the load on the machine but also 
on the power factor of the load. The left hand part of Fig. 215 
shows an armature coil in the position it has when geBeratiog 
maximum e.m.f. This would also be the time of maximum cur- 
rent on a power factor of 1 . If the power factor were 0, that is if 
the current lags quarter period, the right hand part of Fig. 215 
shows the position the armature has reached when the same coil 
has maximum current in it. The direction of current in the arma- 
ture winding and the direction of the field current magnetizing 
the south pole are both marked. Since they are oppositely 
directed, the armature current is demagnetizing and the field 
current would have to be increased enough to compenaate. That 




is, the field ampere-turns muat be increased by the number in the 
armature winding to maintain the same flux as before. If the 
power factor is larger this increase of field current need not be so 
much since the armature current when maximum is not in such 
a favorable demagnetising position. On a low power factor the 
fidd excitation of an alternator may have to be made so great 
that the field windings overheat. 

160. Stationary ArmatureB. — Since alternators have no com- 
mutators it is aa easy to revolve the field structure and keep the 
armature stationary as it is to have the armature revolve in the 
same manner as it does in a DC. machine. 

The common plan is to have a revolving field inside a stationary 
armature. Fig, 216 shows the appearance of such a field for 
small ajternators. The special forms used in very large machines 

D,q,i,i.:dbvGoogIe 



Chap. Xni] ALTERNATORS 231 

will not be here described. Fig. 217 shows the armature and 
Fig. 218 ahowa the appearance of such a machine complete. 



When the field revolves, collector rings are provided as the means 
whereby current may be taken into the field winding and brought 
out again. The armature winding ends in connecting plates on 



a terminal board; or, on a high- voltage machine, in wire terminals 
to which machine leads are directly connected, the connection 
beii^ then covered with insulation. Revolving field machines 
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are much preferred for high voltage. The armature windings 
are much easier to insulate when they remain stationary; the 
high-voltage leads can be taken out at a place where they are 
quite inaccessible to the operator while the difference of potential 
at the collector rings is small. 

Since modern alternators are almost invariably polyphase 
machines, the examples given have shown machines of that 



kind. The arrangement of their armature windings is shown 
in succeeding sections. 

151. Two-phase Armature Winding.— In Fig. 219 a coil xx 
is shown on an eight-pole revolving armature alternator which 
is in position to generate maximum e.m.f. If the winding were 
not concentrated in a single coil but "distributed," its subdivi- 
sions might have been spread between a and b and also between 
c and d. None would have been found between 6 and c or be- 
tween d and the near edge of the next N pole, because in those 
locations no e.m.f. would be generated. This then would be 
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waste space on a single-pliase armature windii^. But it ia 
just the right space to use for the winding of the other phase, 
for when in one phase maximum e.m.f. ia generated, in the other 
there ia no e.m.f. yy represents then the proper location for a 
coil of winding for the other phase. 

If all the coils to complete the winding were shown in place 
there would have been a set lite that shown in Fig. 219 for the 
A phase and another in intermediate positions for the B phase. 
There would then be four ends to the windings and four collector 
rings wilt be required unless, before the ends are brought to the 
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rings, one terminal wire of the A phase is connected to one of the 
B phase. There will then be three wires to connect to three 
slip-rings and the distribution line muBt be three-wire like that 
shown in Fig. 185 where two separate single-phase sources of 
e.m.f. were assumed, the interconnections being made outside 
the machines. 

The same arrangement of coils in the two phases is shown for 
a revolving field machine having a large number of poles in Fig. 
220. The winding ia distributed, however, so that there are 
two slots per phase per pole. As shown the A coils are generat- 
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ing maximum e.m.f. and the B coils nothing. The A coils of the 
group shown are connected in series and one end (n) is carried 
toward the place where it would rftich the next set of coils in the 
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A phase. It is much more common to arrange such windings 
in two layers of coils. Such an, arrangement is indicated in 
Fig. 221. A certain coil in the A phase goes from the bottom 
of slot 1 to the top of slot 5. Starting at m a wire in the first coil 



goes into slot 1, around on the back to 5, on to 1 again and so 
turn after turn until the coil is complete and its other end comes 
out to q. The next one, in series with it, goes from the bottom 
of slot 2 to the top of slot 6. These form a group and a connect- 
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ing wire u runs on to a coil with one side in the bottom of slot 
5, the other side being in the top of slot 9. The connection of 
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the coils in series and the separate connections of the phaseB 
may be studied from the %uTe. In Fig. 222 is ahown an actual 
armature winding of this kind, there being 
five slots per phase per pole. The wire ends 
of coila, ready for cross-connecting, show 
clearly. In a completed machine these cross , 
connections are tucked back under the pro- 
jecting ends of the coils and are covered so 
completely by the end shield, attached to the 
frame, that it is hard to trace or even to find them. In this figure 
the insulation in the alots around the formed coils, the ventilating 
ducts through the laminated armature core and the wooden 
wedging strips slipped into places made for them so the coils may 
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be Securely held in place should all be noted. Fig. 223 shows some 
of this in detail. 

162. Three-phase Aimature Winding. — ^In Fig. 224 the ends 
of several wires are shown placed at regular intervals around the 
armature of a revolving field alternator, a, d, g have maximum 
e.m.f. in them; 6 and e have a small e.m.f. increasing in amount 
for the direction of rotation Bhown, while c and / have a small 
e.m.f. diminishing in amount bo as to be zero when these wires 
are midway between tips of adjacent poles, a and d are in 
proper relation to become the places for sides of a generating 
coil. If b and e are made the sides of another coil and c and / 
of still another, three coils are placed properly to form the first 
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of each of the three sets of a three-phase armature winding. 
Consider Fig. 225. At the instant represented in Fig. 224, con- 
ditions are represented at the intersecting line SS. Coil a to 
d is the A phase, 6 to e is the C phaee, and c to / the B phase. 
When this principle is elaborated to show a two-layer distributed 
winding in a slotted core the appearance would be like that shown 
in Fig. 226. This figure shows two slots per phase per pole. 
A formed coil is placed with one side in the bottom layer in slot 
1, the other aide being put in the top layer in slot 7. All the 
other coils are placed in a corresponding way. When cross-con- 
nections are made, they are managed as shown. Take the A 
phase. Starting with one end (a) of the coil just referred to, 
the winding passes through all the turns of the coil to b; thence 
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a soldered coimection to the next coil which completes the set 
in this phase at this place. Frooi this by wire C we pass to a wire 
of a coil in the top layer of alot 13, thence to the bottom of slot 
7, through all the turns of that coil, on to the next one through a 
soldered connection at d, on through the next coil, and so on. 
When the three sets of coils are all connected together there will 
be six ends. Y- or A-connections are commonly made among the 
ends and only three lines carried from the machine. The same 
precautions in making the interconnections must be taken as 
described when discussing transformer connections (sections 143 
and 144). In Fig. 227 is shown a three-phase armature winding 
for a revolving field machine. Should a revolving armature be 
used, the connections would be very Bimilar and the number of 
slip rings required would be regulated by the arrangement of the 
interconnections. It might be noted that when an armature 
is A-connected the current in any lead from the machine is 
1.73 times as much as that flowing through any one of the sets 
of coils on the armature. 

1C3. Altematon In ParalleL — Alternators are connected in 
parallel to serve constant-potential circuits for the same reason 
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that D.C machines are bo connected. It is much more difficult 
to put them in parallel for the very reason that they generate 
altematii^ e.m.f. The e.m.f. reverses every Jfjo sec. on a 60- 
cycle machine, and if the circuit is closed when the e.m.f. is the 
wrong way the instantaneous result would be similar to that 
which would happen if when putting two D.C. machines in 
parallel one has reversed polarity. In what follows single- 
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phase machines only will be considered. Polyphase dynamos 
would be put in parallel the same way, but in tiist arranging the 
switchboard connections each phase must be considered sepa- 
rately. When two alternators are moving at as nearly the same 
speed aa possible, their individual e.m.fs. will be as shown in 
Fig. 228. At A the two are opposite in phase; at B they are 
directed the same way. Under such circumstances if they were 
connected aa shown in Fig. 229 the lamps would light when con- 
dition B was reached and be out, becauae there was no current 
in them, when condition A was found. Hence the lamps would 
light at intervals. When they were out the dynamts might be 
connected together (that is, for parallel operation] by closing 
the short-circuiting switch S. If a load were connepted between 
a and b it would be supplied from the machines in parallel. 




The process of getting alternators to have the same frequency 
is called "bringing them into synchronism." That of getting 
them into opposite phase with regard to each other as indicated 
by the lamps is "getting them into step." Lamps furnish the 
simplest device for bringing machines into synchronism and into 
step; other devices are also used. 

After alternators are connected In parallel they hold each other 
in synchronism and in step by an interchange of current between 
them. If one machine starts to drop out of proper phase re- 
lation the difference in e.m.fs. immediately causes a current to 
flow which pulls them back into step. In any normal case this 
interchange of current should be quite small. In Fig. 230 a set 
of connections is shown for parallel connection of alternators the 
Bynchronizing lamps beii^ connected on the secondaries of trans- 
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formers. This ia done to reduce the voltage on the lamps and 
sometimes so that the synchronizing can be done with the Umpe 
lighted. The process of puttii^ two machines in parallel ia as 
follows: Machine No. 2 is supplying the load and its main 
switch is closed, while that on No. 1 is open. Bring No. 1 up to 
voltage. Close a switch on the synchronizing circuit (not shown 
in diagram). If the machines are runnii^ at nearly the same 
frequency the lamps light up, then go out, light up again, etc. 
If the machinea are in step with lamps out, wait until they are 
out for a few seconds and just then close the main switch. 

To determine whether the lamps should be out or lighted when 
the dynamos are in synchronism and in step for a particular set 




of connections, proceed as follower Lift the brushes of one 
machine from the collector rings and then with the other machine ' 
operating at regular e.m.f. close both main switches. Both 
transformers now receive current from the same dynamo, and 
the lamps are either continuously lighted or out. If out, the 
dynamos are afterward to be put in parallel with lamps out; 
if lighted, the dynamos are to be put in parallel with lamps lighted. 
A similar procedure is easily arranged for machines with stationary 
armatures. 

Varying the field strength by adjusting geld rheostats will not 
change the distribution of load on the dynamos. It results 
only in an interchange of wattless current between the alter- 
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nators. Adjustment of the engine governors is necessary to 
alter this distribution. 

The importance of balanced load on polyphase dynamoe may 
be here noted. The e.m.f, for all phases is generated by cutting 
flux of the same set of fields. Hence if on one the voltage drops 
due to a heavier load coming on it only, nothing to correct it can 
be done, since an increase of field current will make the voltage 
on the other phases too high. 

154. Switchboard Devices,— The actual switchboard arrai^e- 
ments used with alternators are in many respects similar to those 
for D.C. machines. Besides an ammeter for each alternator 
and a voltmeter which can be connected to eachj there must also 



be a wattmeter to show how much power is being developed. If 
the alternator is three-phase, three ammeters are usual, and 
either three wattmeters or one three-phase wattmeter. A 
power-factor meter is also frequently installed and sometimes 
a frequency meter. Ordinary knife switches may be used for 
low-voltage machines, and circuit-breakers similar to those for 
D.C. installations. The rheostat arrangement for controlling 
alternator voltage by varying D.C. current in the field windings 
is commonly as shown in Fig, 231. On a common center two 
handwheels are mounted. One (A) controls a rheostat in the 
exciter field circuit; the other (B) one in series with the field 
winding of the alternator. Should the field excitation be secured 
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from D.C. busbars and not from a separate dynamo for each 
alternator, a switch is installed by means of which the field current 
can be cut off. Such a switch is shown in Fig. 232 along with a 
diagram to show the manner of disconnection. As the switch 
bUde in diagram is moved in the direction of opening, a, con- 
nection is formed through which the induced voltage in the field 
can spend itself as the current there dies out. 

Often oil switches are found controlling the main circuits on 
A.C. boards. Fig. 233 ehowB one of a simple form mounted on 
the back of a switchboard. The oil tank is dropped to expose 
the blades and bafQe plates, etc. An up-and-down movement of 
the switch handle on the other side of the switchboard closes and 
opens the switch. Circuit connections are made through lugs 
enclosed by the porcelain bushings. The oil serves the purpose 
of disrupting the arc at break, and of diminishing the necessary 
distance of separation of the switch contacts. With such a 
switch the live connections are all out of reach and fully enclosed. 

On high voltage A.C, switchboards the arrangements are so 
complicated by the dangerous voltage and the necessary spacing 
of apparatus, etc., that use is made of remote control, instrument 
transformers, and many special devices the description of which 
may be found in books devoted to such subjeats. 

QUESTIONS AND PROBLEMS 

1. A 2000-volt alternator having 12 poles rues at 1200 r.p.m. 

What frequency will it have? U the field excitation were kept con- 
stant and the speed dropped to 600 r.p.m., what would frequency and 
e.m.f. become? How many degrees of rotation are passed through 
for a cycle to be completed? 

3. A certain alternator has 40 poles and runs at 75 r.p.m. It 
generates 6600 volts. What is the frequency? How many volts 
and what frequency if the flux be cut to 80 per cent, of its former 

3. A J6-pole alternator has a coil armature like that of Fig. 209 
or 211 in the text. If operating at 450 r.p.m. how many volta are 
generated per coil if all are in series for 2000 volts, and what is the 
frequency of the A.C? How many volts will be generated and at 
what frequency if the coils were changed from one series to a con- 
nection in which there are four parallels of four coils each? 
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4. An alternator is operating a load of 30 kw. at 1000 volts. It 
hai a winding connected in two parallels. The power factor of the 
load ia 0.9. Calculate the current in any wire of the winding. The 
machine makes 900 r.p.m. 

5. Two alternators exactly alike have six poles each. When 
running at 900 r.p.m, one has a certain point on the armature 10° 
ahead of the corresponding point on the other. What difference in 
phase in the e.m.fs. they generate? 

6. A 10-poIe alternator with rotating armature, has a coil armature 
winding having one slot or one coil per pole. Each coil has 80 turns 
and the machine ia operated at a frequency of 60. The flux out of 
or into each pole is 2,600,000 lines. The number to reduce average 
e.m.f. to efiectivo (K in the formula) is 1.2. Calculate the effective 
value of generated e.m.f. of the alternator. 

7. An alternator similar to that in problem 6 is under considera- 
tion. In reference to it state and explain the result of (a) running 
with reversed rotation, (b) swinging the brushce around the collector 
rings. If this machine (10-pole) is generating 1080 volte, how could 
the winding be rearranged Bo that it would generate 216 volte. Show 
by a diagram the supposed connections between armature coils 
(a) before the rearrangement, (b) after the rearrangement. 

8. (a) An alternator like that of problem 6 ia running with a 
generated e.m.f. of 2200 volts on 55 kw. produced. The resistance 
of the armature is 1.3 ohms. Only 2060 volte are observed at the 
terminals. Explain, (b) Starting from no load the terminal volte 
with increasing current and fixed field excitation are as follows. 

Tolts Amperga 

2400 

2370 6 

2345 10 

2320 IS 

2290 20 

2260 25 

Is this a normal machine? Give reasons (or the readings. 

fl. Two alternators are built to operate in parallel. They are 

exactly ahke and have 10 magnet poles. In r^^rd to them answer 

the following; 

(a) One is running at 72Q r.p.m.; the other at 723. Calculate the 

frequency of both machines and tell how long a time passes from 

the time when the synchronising lamps are dark until that when they 

are most bright. 
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(6) What would result if the two machines were put in parallel when 
exactly out of step (that is, differ in phaae by 180°)? (In answering 
this remember that alternator armatures necessarily have a high 
inductance and on short-circuit not only is the inductance the main 
factor in determining the amount of current but the current will lag 
far behind the generated e.m.f. Refer also to Fig. 215 in the text.) 

10. Make a diagram to show how connections would be made for 
the field circuit of an alternator. The field is supplied by current 
from an exciter driven from the shaft of the alternator, a double 
rheostat like F^. 231 of the text being in use. 

11. A certain two-phase alternator has a stationary armature 
arranged like that shown in Fig. 221. The machine has eight polee 
and in each phase the coils are connected in two parallels. The 
alternator ia marked 100 kv.a. at 20O0 volts. How many coils on the 
armature? How many amperes flow through and how many volts 
generated in each coil under full-load conditions? Neglect volts lost 
in getting the current through the impedance of the winding. 

13. A three-phase alternator arranged with armature winding like 
tfi&t of Fig. 226 has the coils arranged so that in each phase there are 
two parallels. The machine is for 120 kv.a. at 1000 volts. It has 
10 poles. How many coils are used for the whole armature winding? 
How many amperes flow through each coil, how many in each al- 
ternator lead and how many volts does each coil supply (a) when 
there are three collector rings and the armature is ^-connected? 
(it) when with three collector rings the armature is Y-connected? 
Neglect armature drop of potential under load. 
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CHAPTER XIV 

ALIBRNATING-CURRENT MOTORS 

168. Types of Motors.^There are several types of AC. 
motorB which are in common ubc. They will be named here, but 
their method of operation and their applications will be sepa- 
rately described later. 

1. Single^kase Series Commutator Motor.— These are prac- 
tically the same as D.C. series motors in general features of 
construction and performance. 

2. Synchronous Molora.— They are alternators, either single or 
polyphase, operating as motors. 

3. Polyphase Induction Motors.— VHieD A.C. is introduced to 
them, a rotating magnetic Seld is produced; as a result of which 
a drag is set up between the field and the current induced in a 
shortH^cuited winding on the rotating element. 

4. Single-phase Induction Motors. — Belong to the same general 
class as No. 3 but have special means of securing a rotating torque. 

6. Synchronous Converters. — A kind of synchronous motor 
arranged mainly for the purpose of transforming A.C. to D.C. 

166. Series Motors. — If a D.C series motor has the direction 
of current through It reversed, it continues to move in the same 
direction as before. Since the direction of current has no relation 
to rotation, it is evident that a current periodically reversed would 
be satisfactory for driving the machine and this is just what an 
alternating current is. Almost any small D.C. series motor , 
will run "free" if A.C. is used on it; but it will not carry any load 
and is apt to spark badly at the brushes even though a very 
small current is flowing through it. 

A motor built for D.C. has bo much impedance in the field that 
the application of doubled A.C. voltage to the machine will not 
admit enough current to produce much turning eSort. Small 
motors of this kind (Ho-Ho ^P-) are made to operate on either 
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A.C. or D.C.; but when operated on A.C, conneotiona are 

made through a special tap which cuts out of circuit quite a part 

of the field winding. The cause of sparking at the brusbea may 

be seen by referring to Fig. 234, As the armature revolves coil 

after coil is short-circuited at each brush; coil 2 is short-circuited 

in the figure. Suppose just now the A.C. is diminishing through 

the £eld windings. The flux from N to S through this coil is 

diminishii^ and so an e.m.f. is generated there which through the 

very low impedance of a single coil, may send quite a current 

through the short-circuit by 

way of bars a and 6 and the 

brush. As coil 2 moves on 

and ■bar b leaves the brush 

tip, a spark forms as the 

short-circuit opens. In 

small machines by multi- Fiq. 234. 

plying the number of coils 

in the armature winding, and so the number of commutator bars. 

far above the number usual on D.C. machines this can be partly 

suppressed, 

157. Uses for Series Motors. — There are a great many appUca- 
tiona in which the convenience of being able to use the same motor 
on either A.C. or D.C. is such, that the disadvantages of the 
series motor do not keep it from use. Such motors can be pur- 
chased in the small sizes named aljove. They are used for oper- 
ating small vacuum cleaners, small office appliances, dental en- 
gines, etc. Very few makers build them. In starting, these little 
motors are commonly put directly across the line. Sometimes 
they are started and controlled in speed by the use of resistance 
in the circuit the same as for D.C. motors. 

The same motor has also been perfected for railway service 
by the engineers of the Weatinghouse Company. Many large 
locomotives and interurban cars operate with these motors under 
them; some operating on parts of the road with A.C. and on 
other parts with D.C. The difacultiea to be overcome in large 
motors are very much greater than in small ones and a higher 
frequency than 25 is never employed. The power factor is 
always low. In starting, transformer devices are always used 
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so that when a heavy current for initial pull is required, it is 
received at low voltage and the main-Une current thus kept low. 
Controller arrangements as complex as those used with D. C. 
railway motors-are used in operating them. 

The motors described in this section operate only as single- 
phase machines. 

ISB. Synchronous Motors— Principle. — In an ordinary D.C. 
motor the current reverses in any conductor as it passes from 
before a N pole to before the next S pole. This ia done by means 
of the commutator and brushes, in order to have the pull for 
rotation which it produces continue in one direction. In Fig. 
235 this is shown; the arrow gives the direction in which conductors 
in the two positions shown will pull when carrying current as 
marked. Suppose now an alternating current admitted to that 
one of these conductors now under the N pole with current directed 
outward, and that the reversals of 
A.C. are so timed with the rotation 
of the armature that when an al- 
ternation is completed the same 
conductor ia in the position marked 
6 under the S pole. It will be cleat 
that the pull for rotation under 
Fio. 235. these conditions would continue the 

same way. When a machine is 
running at such speed that the alternating current in the arma- 
ture winding reverses in time with the advance of a particular 
part of the winding from pole to pole, it is said to be at synchro- 
nous'speed and the motor running thus is said to be a synchronous 
motor. 

It has already been shown that an alternator operating on 
inductive load works during part of each cycle as a motor (sec- 
tion 121). Alternators will run as synchronous motors when 
connected to supply lines and not driven by some motive power. 
Synchronous motors are either single or polyphase alternators 
used as motors. Polyphase machines are much more common 
than others but since it is easier to think of single-phase machines 
their performance only will be taken up. 
It Ediould be noted that in the previous discussion a fixed direc- 
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tioa of flux from the field is assumed. Hence a D.C machine 
must always be available to supply field current for a synchronous 
motor just as it is for any A.C dynamo. 

169. Syncbronous-motor Operation. — The pull for rotation in 
an A.C. motor is due to the same causes and varies the same way 
as in a D.C. motor. The e.m.f. which sends the current through 
the armature is not the apphed e.m.f. but is that due to the applied 
e.m.f. and motor e.m.f. (back e.m.f.) together. Suppose the 
synchronous motor to have the same e.m.f. as the supply line, 
to be running at the same frequency, and to be in opposite phase. 
If then the circuit were closed no current would flow, for there 
would be no e.m.f. to send it (see Fig. 236). 

Now if the motor e.m.f. drops back in phase a little (time is 
going on and the apphed e.m.f. line is therefore further on) the 
relation between the e.m.fs. will be as in Fig. 237. There will 
then be an e.m.f. to send the current, marked circuit E, and a cur- 



rent for rotation flows. If this drives the load the motor runs on 
synchronously, for if the motor surges ahead things return to 
conditions in Fig. 236, the current diminishes and the pull for 
rotation is cut off ; while if the motor drops back in phase the circuit 
e.m.f. becomes still larger and an extra pull is created to bring 
back the proper phase relations (see Fig. 238). 

If a heavier load is put on the machine the motor cannot slow 
down, for if it did it would stop, since the torque produced in it 
would not keep continuously in one direction. What happens 
is this: The apphcation of more load finds the motor unable 
to supply the torque demanded and it begins to stop. But before 
the armature has settled back more than a few degrees from the 
position where it would have been had absolutely uniform rotative 
speed continued, the changing phase of its e.m.f. has given the 
circuit e.m.f. a large enough value to let current flow to the required 
amount. This is shown in Fig. 238 (compare Fig, 237). 

This way of assuming load may be made more clear by a study 
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of a mechnnical illuBtration given in Fig. 239. Suppose flywheels 
to be mounted on the ends of two shafte so that the connection 
between them is simply a straight steel spring as shown. At A 
is shown the condition when the driven shaft has no load upon it. 
When the load gets heavy on the driven shaft, the relative posi- 
tions of the wheels are as shown at B. The r.p.m. of the driven 
wheel are stiU exactly the same as that of the driver; it has simply 
dropped back in phase. 



tS 




-EP> 



Fio. 239. 

At some overload the motor must drop out of synchronism 
and stop. This is usually not before 50 per cent, overload ia 
reached. Up to that time no change of load will change the 
speed a particle. Nothii^ except a variation in the frequency of 
ttie supply can alter that. 

160. Synchronous-motor Current — Since the circuit through 

which the circuit if of a ajTichronous motor sends current is sure 

to be quite inductive, the current will 

^^■— * lag behind this e.m.f. a considerable 

o-e^^ amount. Referring to Figs. 237 and 238 

'~'~■■~■~^^ it will be seen that this would bring the 

Fio. 240. current quite nearly into phase with the 

applied e.mJ. Hence the power factor 
of such motors is usually quite high. 

Further, the current may h« behind the applied e.m.f. or lead 
it. In Fig. 240 two current lines are shown, oo being one which 
leads the e.m.f. OE a certain angle; ob being an equal current 
which l»gs behind OE an equal amount. The power factor of a 
circuit having this e.m.f. apphed would be the same for either of 
the currents. For many practical purposes it is an advantage 
to have the current lead the applied £, since a leading oinent in 
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one branch of a circuit combines with a lagging one in another 
to produce a total current more nearly in phase and so the power 
factor of the main line is improved. Varying the amount of D.C 
in the motor field will affect the phase relation of applied e.m.f. 
and current, also the amount of current which flows for a given 
load. For to develop a certain amount of power, more and more 
current haa to flow as the current goes farther out of phase with 
the applied e.m.f. 

Single-phase synchronous motorB produce a pulsatii^ pull for 
rotation since there can be no pulling effort at those instants of 
time when the current passes through zero. Polyphase motors 
produce a rotative pull quite nearly uniform because the pull, 
due to current in each of the phaaes, becomes aero at different 
times. Refer to figures showing polyphase armature windings 
to make this more clear. 

The pulling effort exerted in a synchronous motor is not pro- 
portional to the amount of current flowing, mainly because' of the 
various possible relations between the instant of manmum current 
and the point of rotation of the armature reached by that time. 

161. Starting Synchronous Motors. — Such motors cannot be 
started by being directly connected to the line, for on turning 
current on there would be a pull in one direction followed by an 
equal puU in the other, and so no rotation could result. They 
must be brought to speed by some special starting device. Whes 
at synchronous speed they must be synchronized and put on the 
A.C. supply precisely in a similar way to that used when putting 
A.C. dynamos in parallel. They should be in exactly opposite 
phaae to the dynamo supplying them with current when thrown 
on the line. If not, a large synchronizing current passes through 
the machines, which spoils the regulation of the dynamo and dims 
the lights on the system, as the motor is jerked into proper phase 
relation with the supply. 

Synchronous motors may be started by auxiliary A.C. motors 
of other types which bring them up to synchronous speed before 
a load is put on them or by running their exciters as D.C. motors 
from some source of direct current. They should always be 
started without load. 

Another method available for starting polyphase synchronous 
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motors without the use of auxiliary motor devices oi synehron- 
izii^ ia referred to below in section 178, part C. 

163. Uses of Synchronous Motors, — It is uausual to find small 
synchronous motorB in use. The difBcnlty of starting them, and 
especially the need of starting without load and the necessity of 
a direct^current supply for the fields makes them undesirable. 

Large synchronous motors are used on many long-distance 
power transmission lines because they have exactly constant 
speed and are well adapted for driving certain kinds of machinery. 
Current is often brought to them and used without transformation 
at 6600 volta or even more. 

Sometimes they are selected in preference to other motors in 
order to assist in improving the power factor of the line. 

163. Polyphase Induction Motor.— The motor to which poly- 
phase currents are especially adapted is the induction motor. 
AH the wires of a two- or three-phase hne are brought to them. 
Polyphase alternating-current systems are installed mainly so 
that induction motors can be made use of. 

Induction motors have two parts: the stationary structure 
corresponding to the firfd of a D.C. motor, called the'stator; 
and the rotating structure corresponding to the armature of a 
D.C. motor, called the rotor. Into the windings on the stator 
the polyphase currento are introduced ; they are called the primary 
windings. The windings on the rotor then have alternating 
currents induced in them and the flow of these currents in the 
secondary windings gives the means whereby turning effort is 
secured. A rotating field is set up by the primary winding which 
drags the rotor after it. 

It is possible to put the primary windings on the rotor and 
have the secondary winding on the stator, but it is an unusual 
arrangement. 

161. Rotating Field. — Polyphase currents introduced into the 
windings of an induction motor produce a rotating field. No 
explanation of the operation of the motor can be made until the 
rotating field is clearly understood. 

A rotating field may be produced by any polyphase current 
system. The one resulting from the use of two-phase currents is 
least difficult to describe and will be the only one discussed. 
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Fig. 241 showB two equal currents with the proper phase 
relation for a two-phase system. The vertical lines marked 1, 
2, 3, 4, etc., designate selected instants referred to in subsequent 
figures. Each current has a maximum value of 10 amp. Fig. 
242 shows field windings such as might be found on the field of 
a four-pole D.C. dynamo. Connections must be imagined be- 
tween a and a; also between h and b. The path of the current 
from the A phase would be from A through the two windings 
on opposite poles in series to A'; the current in the B phase flows 
by a similar path from B to B'. 

Take the instant represented by fine 1 in Fig. 241; Fig. 242 
shows the conditions. Current in the A phase is amp.; that 
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Fig. 241. 



Fio. 242. 



in the B phase 10 amp. in the negative direction (the maximum 
value). Magnetic flux then streams across the interpole space 
as shown, the finer lines showing the flux distribution. The 
heavy arrow is to indicate the general direction of the flux. A 
little later the time represented by line 2 has been reached. Fig. 
243 sho^ the conditions then existing. (Figs. 243 to 246 are 
simplified from 242 to aave space. The same frame and winding 
connections are shown.) The positive current in the A phase has 
raised to 7.07 amp. and the negative current in the B phase has 
dropped to 7.07 amp. Each winding sends flux across the gap 
as indicated by the dotted arrows in the figure. These two cur- 
rents combine together to produce the flux shown by the heavy 
black arrow, for they may be combined the same way we have 
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been combining currents in diagrama like that shown in Fig. 
247. In a coirespondii^ way Figs. 244, 245, 246 are drawn for 
the instants of time marked by lines 3, 4, 5 in Fig. 241 and the 
direction of the flux produced is marked by a black arrow. Look- 
ing over the set of ^res it will be seen that the magnetic flux 
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produced by the two currents acting together has been revolving 
counter-clockwise and a half revolution has been completed. 
Something haa happened which is precisely the same aa though 
the mftgnetie circuit shown in Fig. 248, with direct current of 
fixed amount through the winding as shown, were steadily turned 





Fig. 248. 



through half a revolution about an axis such as that an armature 
shaft would represent; in other words, a rotatii^ magnetic field 
is being produced by the polyphase currents, but without the 
motion of any material part. 

Note that in rotating the field half a revolution, either cur- 
tent completed a half cycle. Hence a complete rotation would 
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occur with each complete cycle. A 25-cycle, two-phEiee current 
would produce a rotating field makii^ 25 revolutions per eecond 
or 1500 per minute. 

16A. Practical Rotatiiis Fields. 
— The rotating field just explained 
is a two-pole field. It is just as 
easy to make a multi-polar field. 
Fig, 249 shows how this could be 
done. Around the poles Ai, At, 
Ai, At the current from the A phase 
flows. Flux paths are indicated, 
assuming that there is current in 
these coils only. The current in 
the coils on the poles marked B is 

derived from the B phase. If Fig. 249 represents the conditions 
corresponding to line 3 of Fig. 241, when the time represented by 
line 5 is reached the JV pole marked on Ai will have moved on to Bi 
and there will be no flux out of il i ; in other words, during this quar- 
ter cycle the rotating magnetic field has moved )^ of a revolution. 
If a 25-cycle, two-phase current were introduced to the windings 
of such a structure the rotating field would then make 12H 
revolutions per second or 750 per minute. It is intended by this 
example to show that the r.p.m. of the rotating field depend on 
the number of rotating poles; the more multipolar tJie slower its 
speed of rotation. 

But in actu^ machines such projecting poles as shown in Figs. 
242 and 249 are not used, mainly because while a rotating field 
would he produced, the flux path from instant to instant would 
become very irregular and so the amount of flux be variable. 
If a construction similar to that shown in Fig. 260 is used coils 
may be placed as shown in two independent circuits. The parts 
on which i is marked are sheet-iron stampings, a number of which 
have been assembled above each other so that slots like those 
for the armatures of revolving field alternator are formed. That 
circuit from 1 to 1' might have the A phase connected to it, and 
that from 2 to 2' the B phase. The figure shows a condition 
which results when equal currents are flowing in both phases, as 
at the time shown along line 4 in Fig. 241. A multipolar field 
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IB produced similar to that in F^. 249. As the curreats change a 
revolving field ia produced. 



168. Commercial Windings for Rotating Fields. — The Stolon — 
In regular practice the winding arrangement is further elaborated 



so that a group of coils combine to produce each pole. Fig. 
251 shows a simple arrangement of such a winding for a multi- 
polar rotating field. A slotted iron structure is shown buOt up 
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like that of Fig. 260, If current flows from a to a' through the 
coils as shown, magnetic flux will take the paths marked. Had 
current been introduced into the other set of coils, flowing from 
b to b', the center of the N pole shown would have moved from 
tooth 2 to tooth 4, and the center of the S pole from tooth 6 to 
tooth 8. If two-phase currents were introduced into both wind- 
ings, that of the A phase between a and a', the conditions shown 
in Fig. 251, corresponds with the time indicated by line 3 of Fig. 



241, and that described as existing when current fliows from . 
to b' corresponds to line 5. The design is such that there would 
be 56 slots or teeth on the completed structure. Hence %f 
of a revoiution of the revolving field is completed in a quarter 
cycle. With this arrangement the number of poles of the rotat- 
ing field would be 14. Hence the r.p.m. on a 25-cycle circuit 
would be 214K- 

It is usual to use more than two adjacent coils to each group. 
The ends of the coils are not given quite the shape of Fig. 251, 
but have an easy bend instead of a sharp turn at their ends. A 
winding like that in Fig. 252 is thus made, the cross-connections 
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between coils beii^ tucked away out of sight. The laminated 
slotted etmcture in which the coils are laid with two ventilating 
ducts is clearly shown. Thia laminated structure is mounted 
in a caBt-iron frame and held together by end castings, the bolts 
for securing which are in plain view. This particular motor is a 
three-phaee machine since there are but three terminals (at the 
right) ; a two-phase machine would have four. It is impossible 
from the figure to tell certainly bow many coils form a group; 
there may be four. 

At this point it will be well to compare Figs. 221 and 222 with 
Figs. 251 and 252. The windings are the same. 



Fig. 253. 

167. The Rotor. — Within the stator there is the rotating ele- 
ment of the motor, called the rotor. This is a cylindrical struc- 
ture built of sheets of laminated iron similar to the armature core 
of a D.C. machine. The winding on it may be a two-phase 
or three-phase alternator winding put together for the number of 
poles the motor has, and ending in slip-rings; or it may be a series 
of copper bars, one per slot, all the bars connected at each end 
to a copper ring making a structure like the wheel of a squirrel 
cage. Fig. 253 shows such a squirrel-c^e winding; Fig. 254, a 
wound rotor probably made with a three-phase Grinding as this 
is generally used. 

The squirrel-cage winding b so very common that it is mainly 
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considered in the nest paragraplis. Its advantage lies in the fact 
that no brushea or rubbing contacts are made use of. Hence the 
motor can be put in any location and amid any sort of Burround- 
ings. It may be wholly inaccessible except for lubrication. 



168. Principle of OperatioiL^ — Think of a squirrel-cage rotor 
in place within the atator, and polyphase currents flowing in the 
stator windings to set up a rotating field. The bars of the squirrel 
cage will have e.m.f. eet up in them, latter in some, smaller or 
nothing at all in others, in one direc- 
tion in some, in the reverse direction 
in others. A little thought will show 
how there wUl he large currents set 
flowing, due to even small e.m.fa. 
generated, in somewhat indefinite 
paths. Should these currents flow 
in proper direction and in right rela- 
tion to the rotating field a pull for 
rotation wfll be produced like that 
in a D.G. motor and the speed would p^g 255_ 

increase up to some steady value. 

Consider Fig. 255. If the field poles are as placed and sweep- 
ing onward in the direction marked, e.m.fs, will be induced In 
bars of the squirrel cage and currents wiU flow as marked (in 
checking this remember that rule in section 81 was for moving 
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wires before stationary poles). Using this rule for motor action 
it will be found that the pull for rotation is that marked on the 
rotor; that is, the rotor is pulled in the direction the rotating field 
is moving. If the speed reached the same r.p.m. as the rotating 
field the rotor is said to be running at synchronous speed. On 
a 25-cycle circuit a motor with four rotating poles would have a 
speed of 750 r.p.m. 

Think now of conditions in the rotor when at synchronous 
speed, and go on to understand how the motor operates auto- 
matically to control the mechanical power developed and the 
electrical power supplied. At synchronous speed the rotor would 
have QO e.m.f. in the windings for there would be no cutting of 
flux by them. If, however, the speed drops a little, a small 
e.m.f. will be generated and so small currents flow as shown in 
Fig. 255. A small pull results, and if this is just thefright amount 
to drive the mechanical load a steady speed results. If the rotor 
is going then at 720 r.p.m. and the stator field at 750 r.p.m., an 
e.m.f. is generated juat the same in amount as though the rotor 
were at rest and the rotating field were making 30 r.p.m. If the 
current then flowing does not produce enough turning effort 
to drive the load the motor slows down a little more, larger e.m.fs. 
are therefore induced and a larger current would flow. If the 
speed is now 690 r.p.m., twice the e.m.f. would be generated, 
twice the current flow and twice the pull to drive the load would 
be present. Thus every load has a steady motor speed corre- 
sponding with it; the larger the load, the slower the speed. This 
is precisely the same relation between speed and load as that 
which holds for a shunt motor on D.C 

In the rotor winding the current flowing is alternating and 
when running at usual speeds it has a very low frequency. Take 
the motor here in mind, at 720 r.p.m. of the rotor. The e.m.f. 
generated will have a frequency of 1 for, as explained above, con- 
ditions are the same as though the field were stationary and the 
rotor making 30 r.p.m. (750 — 720), and the machine has four poles. 
At 690 r.p.m. the frequency is 2. At ^s^ = 375 r.p.m. the 
frequency is 12.5 cycles per second. This changing frequency 
which accompanies changing amount of current in the windings 
plays an important part in motor performance. When the totor 
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runB nearly at aynchronoua speed the frequency is so low that in 
apite of inductance of the windings the current is in phase with 
the generated e.m.f. and proportional to it. Henoe the facta 
stated earlier regarding increased p ullin g effort along with in- 
creased generated e.m.f. hold good. But at heavy loads with 
higher frequency of rotor current it lags behind the e.m.f. In 
an extreme case the N pole opposite bar b (Fig. 255) might 
have moved on to be opposite bar c before the current, now 
assumed to be lagging a quarter period, was at its maximum. If 
so, no rotative pull could be secured. Hence for any motor, at 
some overload even with large currents in the rotor the motor 
ceases to pull the load and stops. This is quite different from 
the performance of D.C. motors, but usually an induction motor 
will not refuse to pull until 50 per cent, overload or more is 
reached. 

It may be further noted here that in order to produce reversed 
rotation all which need be done is to arrange things so the rotat- 
ing field revolves the other way. Referring to Figs, 242 to 246, 
had the current in either phase been given reversed connections 
a reversal of the field rotation would have been secured. 

1S9. Induction Motor Performance. — The difference in speed 
between that of the field and the rotor is called the slip. This is 
usually stated in per cent., the amouttt being determined from 
the formula:. 

Speed of rotating field— speed of rotor ,, ,„. ... 
-sSid ofToSEf add ^ ™ - '^^ "• ■»' "»'■ 

25-Crous Induction Motob Data 



Horae- 


Number.^ 


Syncttoiioa. 


Full lc»d. 


Blip it. 


powsr 






I.p,m. 


peromt. 


3.5 


4 


750 


685 


8.7 


5 


4 


750 


700 


6.7 


10 


i 


750 


710 


5.3 


25 


4 


750 


715 


4.7 


35 


6 


600 


475 


5.0 



In the preceding section under one condition the etatoi field 
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was making 750 r.p.m. and the rotor field 720 r.p.m. The slip 
waB then 4 per cent. The dip found in actual motors may be 
iUuBtrated by a table in which data from a well-known maker's 
catalt^ue is included. 

It wiU be understood of course that, when running free, the 
motor will have a speed so very near to synchronism that no 
ordinary method of taking speed will show a difference, and that 
as the load goes on the slip increases. Note from the table how 
as motors are of larger size the per cent, slip at full load diminishes. 

The performance of an induction motor in many respects re- 
sembles that of a transformer. The electrical power represented 
by the flow of current in the rotor alt comes from electrical energy 
supplied to the stator. The stator winding is a primary to the 
secondary rotor winding. When, therefore, the mechanical load 
on a motor increases and the current in the rotor gets bigger, the 
current flowing in from the supply line also increases. Now in 
transformers it is desirable to have all the flux produced by the 
primary to pass through the secondary, and also to have small 
magnetizing current in order to have a good power factor. In- 
duction motors are planned with air gaps of very short length 
in order that the distance from primary winding to secondary will 
be short, and so the magnetic resistance of the flux path will be 
low. 

The efficiency of induction motors Is about the same as that 
of D.C. motors of corresponding size, because of heat loss (/*fl) 
in their windings, the same iron losses which occur in the cores of 
transformers, bearing friction and windage. 

170. Starting Induction Motors. — Induction motors are self- 
startii^. To start one by simply closing a switch which connects 
it to the line would produce a result precisely the same as though 
a transformer having its secondary on a short-circuit were con- 
nected directly to a supply. It can be done with very small 
motors or when a motor of 1 or 2 hp. starts without load, for the 
period of large flow of current is quickly over as the motor gathers 
speed. Under overload the motor might not start at all because 
a pull for rotation great enough to pull the load cannot be reached 
(see end of section 168). 

Two methods of starting are commonly used. One ia to use 
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reduced voltage on the motor at starting ; this ie for motors with 
squirrel-cage rotors. The other is to put resistance in series with 
the rotor windings, and this can only be done when the motor 
has a wound rotor. 

171. Starting with Reduced Voltage. — The amplest way to get 
reduced voltage tor the primary stator winding is to put resistance 
in series with it and so by the IR drop use up some of the line 
voltage. The effect of this is to reduce the current in the motor 
and so limit the starting pull to a reasonable amount. A start- 
ing box used for such work is shown in Fig. 256. It is very much 
like one used for D.C. motors (compare Fig. 107) but it has a 






Fig. 256. 



Fio. 257. 



double row of contact buttons and has no automatic release fea- 
tures. The purpose of the double row of contacts will appear from 
the diagram of connections in Fig. 257 which shows how by swing- 
ing the sweep arm clockwise the resistance in both phases is 
(Simultaneously cut out. The arm is swung against the restoring 
force of a coiled spring at the hub and when over to the running 
position with all resistance cut out a trigger device clearly shown 
in Fig. 256 holds it there. Automatic release magnets are difficult 
to design for alternating current. 

Drum controllers are used for the same purposes and self- 
starters similar to those described for D.C. motors in section 99. 

Another way to secure reduced voltage for the stator is by the 
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use of auto-transformers or starting compeusators. By using a 
tap halfway along the winding of such a device half voltage can 
be secured (see Fig. 179). The results of using such a compensator 
BO far as the motor ia concerned are the same as when a rheostat 
is used, but without the power loss involved and with far lees 
current drawn from the line. Fig. 258 shows a picture of such 
an auto-starter. Inside the cast-iron box immersed in oil are 
two auto-tranEformera and the switch contacts. The switch 
is a double-pole, double-throw, having two sets of oil immersed 
butt contacts which close against the, pressure of coiled springs. 



Fio. 268. Fia. 259. 

The handle is shown locked in the "o£E" position. Throwing it 
one way closes one set of contacts, throwing it the other way closes 
the other. Fig. 259 shows a diagram of the electrical connections 
of one precisely similar except that an ordinary knife switch ia 
shown. In the position shown the motor is connect«d direct to 
the line. If thrown over to starting position the two auto-trana- 
formers (one for each phase) have their windings thrown across 
the mains and the secondary circuit is connected to the motor. 
The taps marked a can be connected at different points so that 
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dMerent e.m.fs. are delivered to the motor and so the amount of 
starting torque controlled. 

Still another plan is used for controlling the applied e.m.f. to a 
three-phase induction motor. A star-delta switch is used the plan 




and purpose of which can be seen by inspection Of the diagram 
of Fig. 260. When the triple-pole, doublft-throw switch is thrown ■ 
down, the transformer secondaries are connected star. When 



thrown up they are connected delta. If, therefore, the secondaries 
each produce 220 volts the motor would receive 220 volts when 
the switch is up but only ^^?f.7a or 127 volts when it is down. 
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In every case the star-connection gives 58 per cent, of the delta- 
connection voltage to the motor. Fig. 261 shows a drum type of 
star-delta switch arranged to be operated under oil. Behind the 
slate backboard shown, the encloaed fuses for the motor are 
mounted. By this plan the need for an auxiliary auto-starter 
is avoided. 

172. Starting irith R In Rotor Circuit. — This method uses the 
type of rotor shown in Fig. 254. The winding is likely to be that 
of a three-phase alternator having the same number of poles as 
the motor and if connected star the three ends would be con- 




Fio. 262. 



Fio. 263. 



nected to the three slip rings. From them the connections run 
to the starting box. F^. 262 shows a dit^am for and Fig. 263 
a picture of such a starter. The starter never opens the rotor 
circuits. At the position shown aU the resistance of the box is 
in use. When the handle is moved to the right, resistance is cut 
out and at the limit of its motion the rotor winding is short- 
circuited. 

If a motor is started with resistance in the rotor circuit the line 
current is left small since the secondary, the rotor winding, has 
its e.m.f. sending current through considerable resistance and so 
the amount flowing is limited. But further, the rotor has at 
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starting an e.m.f. generated in ito windings wliich has a fre- 
quency the same as that of the supply line. The interposition 
of resistance keeps the current flow nearly in phase with the 
generated e.m.f. and so a high starting torque is secured. 

173. Speed Regulation for Induction Motors. — Any induction 
motor can have its speed controlled by the methods described in 
the preceding sections. The insertion of resistance in the rotor 
circuit will reduce the speed for larger e.m.f. must be generated 
in the rotor winding to secure the same current flow and ao the 
same pull for rotation. Larger e.m.f. is generated only when the 
slip is greater; that is when the motor runs slower^ Reducing the 
applied e.m.f. will also reduce the speed since smaller flow of 
current results; hence lesa flux in the rotating field and less gener- 
ated e.m.f. in the rotor at the same slip. To keep up the same 
pulling eSort, the rotor must slow down so a larger current ia 
flowing in it; enough to produce the proper rotative pull in spite 
of the weakened field. 

Either of these methods, however, has the disadviuitage of 
giving the motor large change of speed under change of load. 
If under full load a motor is running at half its usual speed due 
to the use of a rheostat or compensator, arranged to carry the 
necessary current continuously, at light load the speed would 
rise to nearly the usual amount. 

The only other ways to control speed are to vary the frequency 
of the supply or to vary the number of rotating poles. It is not 
convenient to vary the frequency of the supply, and a motor de- 
signed for a certain frequency works badly on a different one. 
The limitations of speed change can be readily seen by the table 
(p. 268) which gives the synchronous speeds from wliich the actual 
speeds would differ by a very few per cHit. It should be noted 
in connection with this table that manufacturers can only supply 
induction motors to run at certain fixed speeds. Shifts to change 
the number of poles can be made by the use of a drum controller 
having proper contact devices. A four-point controller might 
change the number of rotating poles from four, to six, to eight, to 
twelve thus changing speeds from 1800 to 1200 to 900 to 600 on a 
60-cycle cffcuit. The extra comphcation of this arrangement 
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has prohibited the use of such motors except i 
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PoasiBiA R.F.M. FOB MoTORa t 



Pol*. 


26Cjrole« 


eo Cyde. 


2 


1600 


3600 


4 


750 


1800 


6 


500 


1200 


8 


375 


900 


10 


300 


720 


12 


250 


600 


14 


314?f 


514K 


16 


187W 


450 



m. Siii^^>hase Indnotioii Motors. — A rotating field may be 
produced by the use of current from a single phase A.C. supply, 
if the stator windings of a two-phase motor (see Fig. 242) are 
so arranged that the current in one {AA') is out of phase with 




Pio. 2640. 



FiQ. 2646. 



that in the other {BB'). They must be connected in parallel from 
the same supply but in one path by deliberate design as much 
inductance as possible is included, while in the other as little- 
inductance but as much resistance as possible is placed. The 
current in one path is then considerably out of phase with that in 
the other and a rotating field of irregular and imperfect sort is 
produced. The same result can be secured if a three-phase stator 
winding is connected to a single-phase line using proper auxiliary 
resistance and inductance. In such a field a squirrel-cage rotor 
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will run, but a large cuir^it flows to produce a moderate turning 
effort. 

After a Bquinel-cage rotor has gained some epeed in a rotating 
field it will continue to run even though one of the circuits be 
interrupted wid a aingle-phMe pulsating field only is available. 
Thus in Fig. 264a ia shown the outline of a two-pole motor with 
squirrel-cage rotor for which only two bars are shown connected 
iuto the cod ring for simplicity. We are thmking of a time when 
the current is diminishing in amount and the flux from left to 
right is almost nothing. It is then changing most rapidly through 
the short-cbcuited turn and so maximum e.m.f. is generated. 
If now the rotor is moving fast enough clockwise so that the 
position shown in Fig. 264b has been reached as the current pro- 
ducing the field reverses and is increasing, while the current in 
the rotor winding due to inductance there is just reachii^ its 
maidmum, a pull for continued rotation in the same direction 
is produced (use Rule of section 84). Completing the rotor 
to make it a full squirrel cage, and winding Ihe field as in Fig. 
250 or 251, but with a single winding, would make the motor 
more complicated to describe but better in operation. Such a 
motor once started in a given direction will continue to run that 
way and does not vary speed much under changing load. 

Both the principles described in this section are often combined 
in a single motor. The motor starts as a f split-phase" motor 
using windings and rotary field as first described. Having reached 
a fair speed, either by a double throw switch or by a switch and 
clutch device in the motor, operated automatically by centrifugal 
force, one winding is cut out and the motor continues to run as a 



Because of limited starting effort, such motors frequently have 
the rotor mounted "free" on the shaft; and it is not until a fair, 
speed is reached and a centrifugal device operates a clutch, that 
the shaft and the load connected to it are started. - By so starting, 
the disadvantage of a very low power factor and large current to 
produce the starting pull are avoided. 

Still another principle used in A.C, fan motors on single- 
phase circuits ia that in which a shading coil on the poles is used. 
A shading coil (marked S in Fig. 265) is a band of copper having 
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very low resiBtance placed around one-half the laminated iron 
pole. The alternating current in the field windii^ produces an 
alternating e.m.f. and current in this Bhoit-circuited secondary. 
When the current is rising to make this a N pole, e.m.f. is gener- 
ated in the band in the direction marked and current Sows so 
that much more fiuic comes out of the half 
a than out of the half h. But later when 
the current in the field coil is dying out the 
current in the shadii^ coil is the other way; 
and BO there is more flux in the half h than 
in the half a. The result is that the field 
shifts along the face of the pole with every 
alternation and an impulse for rotation is / 
given the sqiiirrel-cage rotor much the same ^^ „ gfis 
as that given a mechanical device in which 
a pawl working over a ratchet wheel ib the means of propulsion. 
176. The Repulsion Motor. — In Fig. 266 is a diagram intended 
to Bhow the principle upon which this motor operates. The 
armature is precisely the same as that used for D.C. machinery, 
shown here as a ring armature only to make the connections and 
flow of currents clear. A laminated iron structure has field coils 
placed on it, through which sin^e phase AC. flows. Brushes 
rubbing on the commutator are short-circuited to each other and 
are placed somewhere between the lines xx' and y'y. It is 
assumed in the figure that the armature is at rest. The e.m.f. 
is due to transformer action, current in the field coils FF' being 
in the direction marked and just now decreasing in amount. At 
/ the anow outside the armature is intended to indicate the 
direction of e.m.f. generated in the coil, aa the arrows on the turns 
or a direct analysis will indicate. On the turns of coilB a, b, 
, c, d, e, the direction of current flow is marked for the direction of 
e.m.f. just now generated, which the arrows outside the armature 
on each coil show. If the figure is carefully examined it will be 
found that the current in the coils short-circuited by the brushes 
is in such a direction that they are repelled from the poles and 
the armature would be driven clockwise; but the flow of currents 
in all the other coils pulls for rotation counter-clockwise and it is 
in that direction the armature rotates. Chi account of this dif- 
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ferential pull in different coils the brushes ore made thin so not 
more than one coil under each brush pulU against the prevailing 
pull of all other coils on the armature. 

In such a mot^r there exists a heavy pull for rotation at start 
although the power factor is low. The motor has a speed as 
variable with change of load, however, as a D.C. series motor. 
One way in which this principle is applied in practice to secure a 
satisfactory motor is to arrange it so that as it speeds up a cen- 
trifugal governor is brought into operation which drives a ahort- 



circuitii^ band against the commutator and at the same time 
raises the brushes. With all the commutator bars short-circuited 
together the motor runs as a single-phase induction motor, has 
its nearly constant speed under changing load, tmd a satisfactory 
power factor. 

Another plan of construction is to have on the commutator an 
additional set of brushes which are connected with an auxiliary 
field. These brushes give a means whereby current derived from 
the armature e.m.f. is used in this auxiliary field to improve the 
power factor and give the motor a more constant speed. 
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To reveree rotation of a repulsion motor it is only neceBsary to 
awing the shorfr-cirouiting bruahea to the other side of line yi/ 
(Fig. 266). 



QUBsnons and problems 

1. Thinking of a commutator motor with series field, answer the 
following: (o) If the supply wires were given reversed connection , 
to the binding posts of the motor, how would it perform? (jb) Give 
as many methods as you can, usuig diagrams to ahuw how to reverse 
it* direction of rotation, (c) What is the effect on the operation of 
putting resistance in series with such a motor? 

8, (a) It is stated in section 156 that when a small series motor 
used on both D.C. and A.C. is shifted to an A.C. circuit, part of 
the field coil windings are left out of circuit. Why? (6) State any 
advantages and disadvantages you can in the use of aeries motors on 
A.C. oirouits. ^ 

5. On a certain railway car series A.C. motors are wired for 

connection as shown in this 
^ Xt„..— riliiBrmrouOM diagram. Switches are closed 

■ ^miSSSmm iSmr~[ according to the foUowing 
sequence: 
First position for starting; 

1 and 2 closed 
Second position : 

1, 2, and 3 closed 

UWrnmn "IStw 

^^^, 3«ii Fourth position for running 

1, 3 and 4 dosed 
Can you explain the reason for auch a set of connections? 
4. If you were about to connect a synchronous single-phase motor 
to the supply line which is 1100 volts, (a) at what e.m.f. would you 
think beat to set the motor? (6) What would you think of placing 
it at 1100 volte? (Refer to Figs. 236-238 when answermg.) 

6. A six-pole, eingte-phaae synchronous motor is connected to a 
1000-volt, 25-cycle A.C. circuit. It is marked 100 hp. and ia known 
to have 90 per cent, efficiency. The armature resistance is J^o ohm. 
What is the current at full load if the power factor is 0.97 What is 
the speed at no load? At full load? 
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e. How would you get the direction of rotation of a synchronous 
motor reversed 7 Would resistance in series with the armature reduce 

the speed? If the motor field is strength- , 

ened until a current of 40 amp. is flowing, th ^ 

leading the applied e.m.f. of 10,000 volts by """"' 1 

30% what will be the tunount and phase of 

ourrent in that part of line marked A, iS L . 

before connecting the motor that in B was 

30 amp. lagging 60° (see Figs. 187 and 240.) 

7. Vmng the same method as in Fig. 247, complete the diagram- 
matic representation of the magnetic field resulting from the com- 
bined action of currents in conditions indicated by lines 6, 7, S in 
Fig. 241. 

B. Calculate the maximum polyphase induction-motor speeds for 
motors having 2, 4, 6, 8, 10 or 12 poles when the frequency of the 
supply is 30 cycles. 

9. A two-phase 5-hp. induction motor has eight revolving 
poles. At full load the power factor is 0.85, the efficiency is 80 per 
cent., and the speed of the motor 830 r.p.m. on a 60-cycle circuit. 
Calculate the slip in per cent, and tlie current flowing in each of the 
wires supplying it with current. It is on a 200-volt circuit. What 
size fuses should be used for this motor? How could rotation be 
reversed? Make diagram showing how to do it on the actual motor. 

10. A three-phase 20-hp. induction motor under a certain load 
on a 500-volt circuit makes 570 r.p.m. The supply line is at a fre- 
quency of 60 and the current over each of the three wiree is 12 amp. 
What number of rotating poles has the motor? Is it at anything 
like full load? What capacity fuses should be put into the three- 
line wires to properly protect the motor? (The efficiency w31 lie 
between 90 and 95 per cent, and the power factor will be near 0.9. 
Remember that there are three windings in the motor to each of 
which J^ the whole power is supplied.) 

11. Considering the method of starting an induction motor illus- 
trated by the apparatus shown in Fig. 256 and that in 258 state 
relative advantages and disadvantages including consideration of 
power factor and amount of current used. 

12. For certain polyphase induction motors the following data 
is given. The circuit is 25-cycle A.C. at 440 volts. Calculate 
number of rotating poles for each, per cent, slip, and probably full- 
load current from a three-wire, three-phase line. 
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FuU load. r.p.m. 


HoiwpowBt 


FuUlosd. r,p,ro. 


3.S 
10.0 


6S5 
710 


35 
60 


720 
476 



IS. Refer to F^. 2Ma and 6. The one oppoaite this problem 
Bhows a substitute for 2646 when the armature 
haB been started by giving it e. turn counter- 
hfV clockwise. Mark a direction of rotation which 
will result, using the eame method as that found 
in the text at the place referred to. 
14. A 10-hp. two-phase induction motor is to be operated direct 
from trangformerB which receive current from a 2200-voIt line and 
deliver power to the motor at 440 volts. What capacity trans- 
formers shall be installed and what size fuses in secondary lines and 
in primary lines, allowing for a starting current having 200 per cent, 
of full-load value. (Induction motors of this aiie would have an 
efGciency of about 87 per cent, and a power factor at full load of 
about S8 per cent. Do not make transformers too small, unce the 
voltage regulation would be poor.) 
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CHAPTER XV : 

OTHER ALTEKNATING-CUBBENT HACHmERY 

176. Synchronous Converters. — Synchronous or rotary con- 
verters are machines used mainly to receive altematii^ current 
and transform it to direct current. In general appearance they 
are very similar to D.C. dynamos, having armature and field 
windings precisely like them. Fig. 267a shows by diagram the 
fundamental principle of construction. Fig. 2676 is intended to 




Fig. 267o. 



Fio. 2676. 



show clearly what the diagram of Fig. 267a stands for. Taps 
from armature winding to collector rings as in Fig. 267a are shown 
in place. Suppose the dynamo to be revolving as a D.C. machine, 
and consider the e.m.f. between brushes AA' laid on slip-rings 
which are connected to opposite bars of the commutator. In the 
position shown the volts between brushes MN and Blip-rings is the 
same, the voltage of the dynamo. When a quarter revolution 
is completed the difference of potential between slip-rings is 
nothing; when a half revolution is completed the voltage between 
slip-rings is again full dynamo voltage, but the reverse of what it 
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was at first. It is clear then that from this D.C. armature we 
may draw through the alip-ringa aa alternating e.m.f. which has 
a maximum vaJue the same as the direct e.m.f. on the commutator 
and having a frequency for this machine the same as the revolu- 
tions per second the armature is making. 

But further, had intermediate taps been brought out to two 
other rings B and B', not only would an e.m.f. exactly the same as 
that between rings A and A' have been available, but it would 
have been different in phase by a quarter period. Alternating 



Fig. 268. 

e.m.fs. could then be procured from four such slip-rings the 
same as from any two-phase generator. 

Now any two-phase generator will run as a two-phase syn- 
chronous motor. Hence if this machine, completed by the addi- 
tion of two more rings with brushes on them were connected to 
a source of two-phase current at proper voltage, the machine 
when once started would run, and from the brushes rubbing on 
the commutator, D.C. can be derived both for the field windings 
and for an external circuit. 

This armature in a two-pole field would have to make 1500 
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r.p.m. if connected to a 25-cycle supply, or 3600 r.p.m. on a 6(>- 
cycle supply. Hence synchronous converters are usually multi- 
polar. Fig. 268 shows how connections are brought out for a 
six-pole machine to be connected to a two-phase supply. Ex- 
amination of this will Bhow at least that the three connections to 
each slip-ring are all right, since from the nature of the D.C. 
armature we know that all brushes MMM may be and are con- 
nected together for the positive machine terminal and so the bars 
on which they rest may all be connected to ring C (the one on 
which brush c rests), while in one revolution three cycles of A.C. 
would be generated, and so the speed as a synchronous motor for 



Fig. 200. 

a 60-cyc!e circuit would be 1200 r.p.m. Fig. 269 shows a diagram 
for three-phase connections on a two-pole machine. There are 
three taps at equal intervals, each to its own ring. We can see 
that for the position of the armature shown in the figure the 
e.m.fs. from o to p and o to g are equal, while that from p to g is 
zero. The condition is that shown at line xy in Fig. 225 where 
e.m.fs. B and C are equal and opposite and A is nothing. The 
armature forms in fact a mesh-connected, three-phase piece of 
apparatus. 

Fig. 270 shows a synchronous converter placed so both com- 
mutator and slip-rings can be seen. The collector rings at the 
right are well covered by the brushes resting on them; the corn- 
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mutator at the left is clearly built to carry a large curreat to the 
brushes there. 

Looking again at either diagram it will be plain that since 
maximum alternating e.m.f. and maximum current (or nearly 
maximum) occur when the slip-rings have their connections 
■ direct to the commutator bars on which the brushes rest, most 
of the A.C. is directly transformed to the D.C. circuit and the 
whole of it never flows in the D.C. armature winding. A syn- 



FiG. 270. 

chronous converter, therefore, has a greater capacity than the 
same machine used as a D.C. dynamo. The iigurea to show this 
are as follows: 

D.C. generator 100 kw. 

Aa a two-phaae converter 164 kw. 

As a three-phaae converter 134 kw. 

The ratio of transformation in synchronous converters is fixed. 
Two-phaae converter: Direct e.m.f. = 1.4 X alternating e.m.f. 

Threa-phase converter: Dureet e.m.f. = 1.63 X alternating e.mj. 
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It is easy to see that the first of these must be true since the 
maxinmm alternating e.m.f. muBt necesBarily be the same as the 
direct e.m.f. Varyii^ the field strei^jth of the machine will not 
change this ratio more than a small amount, for all that it ac- 
complishes, as for any synchronous motor, is a change in the 
power factor of the supply and so in the IR drop in the armature 
winding. 

177, Connections and Features of Constnictlon. — The general 
plan of connecting a two-phase aynchronous converter from A.C. 
tines to the D.C. system it serves is shown in Fig. 271, omitting 
all switching devices, instruments and starting apparatus. Rotary 
converters are often provided with a shunt field only. In such a 



Fig. 271. 

case the field rheostat serves simply to control the power factor 
of the supply circuit and indirectly by it the exact e.m.f. delivered. 
As already explained for synchronous motors, the current can be 
made to lead the applied e.m.f. by strong field excitation. A 
series field can automatically correct the power factor. 

Many converters have commutating poles like those described 
in section 90. They keep the brushes from sparking and permit 
various features to be introduced into the design which make the 
machines rugged and safe in operation. Many converters have 
laminated field cores and poles, in the faces of which, in slots 
parallel with the armature slots, are copper bars joined at their 
ends to form low-resistance grids. These grids are built in for 
the purpose of preventing hunting. This is a phenomenon due 
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primarily to the armature swinging alternately ahead of and then 
behind its proper aynchionoua position. The result is surges of 
current from the A.C. supply line which through armature reac- 
tions causes bad sparking at the brushes, pulsating e.m.f., and in 
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bad oases results in the machine "flashing over" on the commu- 
tator or breaMng from synchronism. Any of these troubles 
are serious enough. The last ones may result in the machine being 
seriously damaged. The grids in the 
pole faces, by induced secondary 
currents in them, damp out the dis- 
turbances. 

A great many rotary converters 
have an arrangement at the collector 
ring end like that shown in Fig. 272. 
These six rings show that it is a six- 
phase converter. Such machines are 
supplied from three-phase lines, one 
common method of connection being 
shown by Fig. 273. The converter 
is considered in the diagram as a 
two-pole machine, each numbered point corresponding to a brush 
on its own collector ring. The tap from each collector ring into 
the armature winding reaches a point corresponding to what 
Fig. 273 shows. The voltage-transforming ratio for a three-phase 
machine connected this way is the same as for a two-phase 
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machine, but a greater current capacity is secured for a machine 

of the same size. 

178. Starting SynchroaouB Converters. — Because they are 
synchronous A.C. motors they are not naturally self-staxting. 
There are several possible methods in use for starting them. 

A. As D.C. Motors. — When this method is used the field is 
excited from D.C. buses at the proper e.m.f.; and then using a 
proper resistance for starting, the armature is put on the line and 
brought to speed as any D.C. motor would be. It is then syn- 
chronized as is any alternator about to be put in parallel with 
others, and connected to the A.G. line. 

B. By an indvclion motor, often mounted on the same shaft. 
The rotor has usually a squirrel-cage winding, but with high re- 
sistance and arranged so that with full-load slip the converter 
will come up to synchronous speed. The A.C. supply is con- 
nected to the motor. / The converter starts up, picks up it« field 
from its own residual magnetism, and when synchronized and 
at proper voltage is thrown on to the A.G. supply. 

C. As an Induction Motor. — ^The winding as already explained 
is like that of a D.C. machine, but when polyphase currents are 
admitted a rotating magnetic field is produced exactly like that 
in any induction motor. The copper grids in the pole faces take 
the place of the squirrel-cage secondary winding and so when 
reduced voltage secured from special transformer taps is applied, 
the converter turns over and speeds up. At some speed near 
regular running speed, the switches are thrown over to give full 
voltage to the machine and it is ready for service. Two precau- 
tions must be taken, however. Before starting, the shunt field 
must be separated into several parts so that the high voltage 
generated in its many turns by the rotating field will not cause a 
failure of insulation. This is done by a field breakup switch. It 
is a multi-bladed knife switch mounted on the machine. There 
must be great care taken to be sure the D.C. side has "come up" 
with right brush polarity before putting the machine into service. 
It is as likely to come one way as the other. The same field 
breakup switch is used to correct the diEBcuJty if things come 
wrong. It is made double-throw, and when put over to its other 
position the field gete reversed current and the armature slips 
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ahead one pole thus correcting its own D.C. polarity. The 
switch is then thrown back to restore the field connections to 

normal operating condition. ^ 

In Fig. 274 is a diagram to sliow this method of starting when 
there are two low-voltage taps. The converter is on a three- 
phase line and receiving six-phase current to the machine by the 
plan of Fig. 273. The two switches Si and St are mounted on the 
same panel, often close to the transformers and in starting are 
operated as follows: 



. the rotary, throw both 
1 where it ia and 



1. To start with lowest voltage 
switches to the left. 

2. To transfer to a higher voltage ei, leave t 
throw Si to the right. 

3. To throw full secondary voltage on the converter, throw il 
to the right. 

4. Open iSi to be ready for next starting. 




FiQ. 274. 



Since St is in continuous use while the machine is operating, 
it is usually a larger capacity switch than Si. 

The diagram shows also a "breakup" switch connected for a 
six-pole field. It is shown closed in the proper position for running. 

179. Special Uses of Synchronous Converters. — ^The same 
machines described in the last section can be used for a variety 
of purposes as follows; 

1. Ai Inverted Converters. — -The same machine is supplied with 
D.C. and from the collector rings A.C. is drawn. If this is done 
from a standard voltage direct-current line, transformers having 
a special transforming ratio must be used in order that there 
shall be proper A.C voltage available for any -commercial use. 
Inverted converters do not operate as synchronous motors but 
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as D.C. motora. When in operation there is always danger 
that they may "run away" as the result of a lagging current to 
the A.C. lines, causing such armature reaction as to seriously 
weaken the field. The machine speeds up then as would any 
D.C. motor with a weakened &eld. A speed-limiting device, 
arranged so that centrifugal force due to increased speed will 
operate a switch and trip the circuit-breaker on the D.C. supply, 
is commonly provided. 

2. As BoiMe-currerd Generaiors. — The machines may be 
operated by motive power so they are used at the same time as 
D.C. and A.C. generators. 

3. As synckronoTiS motors, the commutator being used only to 
supply current for field excitation. 

180. Voltage Regulators. — Since the transforming ratio of 
synchronous converters is practically fixed, some plan must be 
used to keep the D.C. voltage exactly right on hghting service 
in spite of the effect of IR drop, peculiar A.C. wave-shape, lagging 
or leading current, etc. There may be contact voltage regulators 
as already described in section 136, the number of turns in the 
secondary being under control by a special moving dial switch 
device. But often the apparatus used is an induction voltage 
regulator. This regulator is precisely the same as an induction 
motor with wound rotor but with it adjustable to any desired posi- 
tion, and capable of being locked in any one. If the converter 
is two-phase, the regulator has its stator built like a two-phase 
induction motor, the windings being connected across their re- 
spective lines. The wound rotor has also a two-phase winding, 
for the same number of rotating poles (say six for definiteness) 
as provided by the stator, and these windings are connected in 
series in their respective phases between the transformers and 
the converter in region R of Fig. 271. Think now of the rotary 
field sweeping by the rotor windings, the rotor being locked in 
such a position that e.m.f. is generated in phase with supply line. 
This e.m.f. is bound to have the same frequency as the supply 
and will be adding its amount in series with that supplied by the 
transformers, If now by a hand lever or a small motor geared 
to the rotor shaft it is turned J^ revolution, the e.m.f. will be 
just as large as before but displaced in phase so as to be the r^- 
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verse of what it wae before. Although still in series with the 
transformer supply, it now subtracts it^ amount. In this way 
and by intermediate steps, but without sliding contacts, the voltage 
given the converter can be controlled to any desired amount 
within the limits for which the apparatus was built. 

181. D.C. Three-wire Generators.^-One troublesome thing 
about the older three-wire D.C. systems is found in the fact that 
two dynamos must always run, one for each side of the system. 
Various plans have been devised to make this unnecessary, one of 
which will be here described. A machine built exactly like a 
synchronous converter, in this case tapped for two-phase connec- 
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tions, is driven by motive power as would be any D.C. dynamo to 
supply 220 volts between positive and negative brushes. To the 
slii>-rings there are two coils, like auto-transformers, connected to 
each other at their middle turns. The point N then becomes a 
neutral to the D.C. three-wire system and is connected as shown. 
By a neutral point in any system is meant a point which is always 
midway in potential between the extremes of the system. It is a 
neutral to the four wires of the two-phase line from the collector 
rings, for a voltmeter connected from it to any one of them would 
read the same. It is also neutral to the D.C. lines. If the reader 
were to reproduce Fig. 268 so the armature could be placed in a 
number of positions and the difference in potential from N (Fig. 
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275) to each of the D. C. brushes were considered, it will turn out 
that it is always halfway in potential between them; that is, a 
voltmeter from it to either one would read the same. All the 
conditions necessary to the successful operation of a three-wire 
system are fulfilled. On unbalanced load the system does not 
maintain perfectly balanced voltage, but under usual working con- 
ditions it is good enough to be satisfactory. 

It should be noted that if the coita were mounted within the 
armature to revolve with it, only one collector ring and brush fot 
the JV-connection need be used. 



QUESTIONS AND PROBLEMS 

1. In section 176 it is stated for Fig. 267 that when a quarter of a 
revolution is completed and tape aa' have reached the positions of 
bb' there is no voltage between the slip-rings connected to them. 
Explain why. 

3. Draw a simple circular form like this, to represent an armature 
with taps for synchronous converter connections. State and ex- 
plain the volts between taps aa' and 66' for the 
position shown and for two others, shown by ^'''^l"^^^\\ 

diagrams made with the armature advanced nI J I " V M "S 
45° clockwise for the second and 46° farther U a' Jj 

for the third. On the D.C. commutator there > '^-~L^'^ 

are 200 volts between brushes, while the e.m.f. 
is generated evenly around the commutator. 

3. In Fig. 289 a two-pole, three-phase synchronous converter is 
shown. There are 48 bars in the commutator; between adjacent 
bars there is an average of 5 volts all the way around. Draw three 
diagrams showing the armature in the position of Fig. 269 for the 
first, but using the form of diagram of the precediiig problem. The 
second is to show the armature after turning 30° clockwise, and the 
third after turning 30° farther. Show for each, volts between taps 
to armature (or connections to collector rings), uung values of 
commutator P.D. stat«d. The taps to coUector rings are made on 
wires which enter commutator bars, and it is to be assumed that 
no coils are short-circuited by brushes on the commutator. 

4. {a) Calculate the volts between collector rings of a two-phaao 
synchronous converter if the D.C. volte are to be 500. (6) Cal- 
culate volts between coUector rings if a two-phase machine is to 
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supply 110 Tolta D.C, (e) Calculate again for a tliree-phase con- 
verter to supply 110 volts D.C. 

6. A two-phase synchronous converter is delivering 230 kv. at 
576 volts to a D.C. railway line. Current to operate it is drawn 
from a 10,000-volt, three-wire Une. (a) If the combined efficiency 
of rotai; and transformera is 00 per cent., how much direct current 
goes to load and how much A.C. over each line? Count the A.C. 
power factor at unity, (b) Recalculate if the power factor is 0.9. 

6. (a) Make an outline diagram to show how to put in the 
armature taps for a four-pole, two-phase synchronous converter. 
There will be two for each collector ring, (b) Make one for a four- 
pole, three-phase converter. 

7. In wiring a two-phase converter, might the lines from the 
secondary of the transformers be three-wire? When installing a 
two-phase converter what means might be taken to tell whether the 
four leads are properly connected at the switchboard before closing 
the main switch to put the machine into service? 

6. A certain three-phase synchronous converter has eight poles. 
Iiooking over the taps to a certain collector ring I see they come out 
at intervals of 48 commutator bars; at 1, at 40, etc. How many taps 
are there to each ring? Give the location of taps for each of the other 
collector rings. 

9. Uung Fig. 27£ as a basis, verify the fact that ^ is a neutral 
point by considering: (a) the position shown in the figure with the 
two collector rings at the left (the A phase) just now at maximum 
P.D., and those at the right (the B phase) just now at zero P.D.; 
(b) the armature moved around 45". In either case if no load is on 
the system will any current flow in the coils connected at N? 

10. A synchronous converter having eight poles and operating from 
a 25-cycle circuit is started by an induction motor mounted on if« 
shaft. If the induction motor has wx revolving poles, what per 
cent, slip will it have to just bring the converter up to synchronous 
speed, ready to throw on the line? 
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STORAGE BATTERIES 

182. first Principles. — AU batteries are made by immersii^ 
two conductors, called electrodes, in a conducting solution. This 
conducting solution is called the electrolyte. If the conductors 
thus immersed are different, an e.m.f. is found to exist between 
them. This may be used to send a current. The direction of 
e.m.f. and of flow of current when the circuit is completed is indi- 
cated in Fig. 276 for some combination of eleotrodes and electro- 
lytes. The electrode out of which current flows to the external 
circuit is called the positive. The other elec- 
trode is the negative. A battery may be a ■ 
single cell, as just described, or a number of 
cells suitably grouped. 

When current is flowing through a ceU, a 
chemical action goes on in the electrolyte. 
Molecules^ of the chemical which is in solu- 
tion dissociate, each into two parts, one of 
which goes with the current and the other 
against the current. At the electrodes they are liberated, and 
there secondary chemical actions occur. Usually the electrodes 
are acted on chemically, new products forming there. As the 
electrolyte is gradually changed in character and the electrodes 
also, it is certain that the e.m.f. (determined by their character) 
will change also as the cell ia used. 

When current is sent through a circuit by a battery, watts of 
electric power are being used and watt-hours of enei^ spent. 
The energy is derived from the chemical energy of the cell. The 
presence of an e.m.f. indicates the presence of chemical enei^ 
which can be drawn on by completing an electric circuit. Usually 
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a test of the chemical condition of a c«ll will tell at once whether 
an e.m.f. may be expected or electrical energy derived from it. 

183. Storage Battery Defined. — A storage battery is a battery 
so made up that when its chemical energy is exhausted, it is 
possible by sending a reversed elec- 
tric current through it to restore 
electrolyte and electrodes to their 
original condition and so to store 
in the battery once more the chem- 
ical energy originaUy there. This 
process is called charging the bat- 
tery. The process of taking energy 
by allowing its e.m.f. to send current 
is dischai^ng. Storage batteries 
are often called secondary cells with 
this thought in mind: electrical 
energy is put into them and stored 
as chemical energy, so that as a 
secondary action electrical energy 
can be derived from them. 

Long experience has shown that 

to be successful a storage battery 

must be one in which the final 

chemical action resulting from 

charging and discharging, produces 

definite effects on the electrodes 

only. The electrolyte may alter In 

the amount of the chemical found 

there in solution, but its character 

does not change. 

184, Specific Gravity.— If a 

Fig. 277.— The right-hand chemical is put into water and dia- 

V18W shows the hydrometer , - , 'ii, -4. 4.1, „ ■ i,* 

^j ygg_ ' solves or mmgles with it, the weight 

per cubic inch of the liquid has 
changed. 27.7 cu. in. of water weigh 1 lb. The same amount 
of sulphuric acid (ofteh called oil of vitriol) weighs 1.84 lb. If 
now equal quantities of water and acid are mixed, the weight of 
27,7 cu. in. of the mixture will be 1.42 lb. By the specific gravity 
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of a liquid is meant the weight of a given amount compared with 
the same amount of distilled' water. Thus the specific gravity 
(later abbreviated to B.g.) of water is 1; of sulphuric acid is 1.S4. 
In a storage battery the s.g. of the solution changes so that It is 
greater when the battery is charged and less when discha^;ed, as 
the result of the chemical action which haa occurred; but the 
solution of sulphuric acid and water experiences no change except 
that of s.g., no matter what chemical actions go on at the electrodes. 

To measure s.g. a hydrometer is used. Fig. 277 shows one 
form. This instrument when immersed in a liquid sinks to 
a depth determined by the s.g. of the liquid. A reading on the 
stem at the level of the liquid surface shows the s.g. In a liquid 
of high s.g. the bulb sinks only a short distance; in one of low s.g. 
it settles deeper into the liquid. 

It is common to call the s.g. of water 1000 rather than 
1.000, and so 1200 s.g. acid would be that which is 20 per cent, 
heavier than water. If one hquid had a s.g. of 1220, and another 
a s.g. of 1250, the e.g. of these two would be said to differ by 30 
points. 

To secure acid at proper s.g. for battery use, the mixture might 
be made as follows: The proportions are given by volume. Acid 
must always be slowly poured into water, preferably in an earthen- 
ware vessel, and must be cool before s.g. readings are made. 
X30D s.g. 1 part acid to 2.47 parts water 

1250 e.g. 1 part acid to 3.22 parts water 

1220 e.g. 1 part acid to 3.84 parts water 

J200 e.g. 1 part acid to 4.33 parts water 

185. Storage-battery Resistance and Capacity. — ^The resistance 
of a storage battery has an important relation to its practical use. 
For practical purposes it is usually important that the battery 
supply current at constant potential. The variation of its c.m.f. 
with condition of charge makes things bad enough; but under 
varying amount of current flow the terminal volts will vary still 
more. The smaller the internal resistance, within limits, the more 
desirable the cell. 
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Now the renstance of any liquid is relatively high (see section 7) . 
To have low resistance a cell must be so built that the area for the 
passage of current through the electrolyte must be large and the 
distance for it to go from negative to podtive electrode throu^ 
the solution must be short. Storage batteries are constracted with 
this in view. The electrodes are set very doee together and to 
get large area each one is made up of a number of [dates. Thus 
for example, five positive plates may be joined together for the 
positive electrode, and six negative jdates for the negative elec- 
trode. They can be then intenneshed. Fig. 278 shows two 
sets of plates or groups partly assembled to form the element 
referred to. When the two sets are completely intenneshed 
Special insulating spacers must be installed to prevent positives 
touching negatives. (See Fig. 279 for plates assembled with 
spaces to form an element.) In the arrangement of 27S the 
current would have lOpaths to flow in, making the resistance of the 
cell one-tenth as much as though only one positive and two 
negative plates of the same size were used. The resistance of the 
electrolyte increases very much with a reduction of temperature, 
and also with changes in its s.g. The following tables illus- 
trate these facts. Resistance stated is in ohms for a. column of 
sulphuric acid and water 1 sq. in. in cross-section and 1 in. long. 

8.S. M 20°C. Roktuuw 

1050 0.43 

1100 0.31 

1160 0.26 

1200 0.22 

1250 0.20 

1300 0.22 

1350 0.29 

,, lor 

.add 

0.G2 
0.42 
0.34 
0-27 
0.22 
0.18 
0.15 
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At about 20°C., below lero (— 4*'F.) there is a chance that bat- 
tery acid may freeze if the s.g. is low. In such case the resiBtance 
gets very high. 

The amount of enei^ which can be taken from a battery de- 
pends on the amount of chemic^ action wtiich can go on in it, 
on the amount of chemical material in the electrodes, and the 
amount of acia in the electrolyte which can take part in the 
chemical reactions. The chemical material in the electrodes 
available for use is known as the active maierial. The energy taken 
from a cell is the number of watt-hours it delivers; that is the volts 
at the terminals multiphed by the current it is delivering, and that 
product by the number of hours it can be taken. The capadiy 
of a cell is this number of watt-hours. Capacity is even more 
usually stated in ampere-hours; that is the product of the steady 
current flowing in discharge by the hours it can be continued, 
or an equivalent. The relative capacity of cells of the same kind 
can be known by observing the amount of active material in any 
of them. 

186. Modem Types. — Two types of storage battery are in 
successful use to-day. One of these is known as the lead-sulphuric- 
acid type, and the other as the nickel-iron-alkali type. The first 
has been in use for many years and is well known; the e.m.f. of a 
cell of this type is counted at 2 volts. The second is a newer 
form; the e.m.f. per cell is 1.2 volts. It is much easier to describe 
each by using examples from their makers than to generalize, 
and this is done in succeeding sections. 

187. Lead-sulphuiic-acid CelL — There are two ways of 
making such cells; both regularly employed. Each will be briefly 
described. 

If two lead plates are immersed as electrodes in a solution of 
sulphuric acid and water, having a s.g. of about 1200, and cur- 
rent is passed through this cell, for a time in one direction and then 
the other, the positive plate takes on a seal-brown color (slightly 
purplish) which reveals the presence of a material which a chemist 
would tell us is peroxide of lead; while the negative plate is a 
bright grayish-lead color in porous formation, which is spongy 
lead. These chemical products, the active material of the cell, 
are formed directly from the lead of the plates. The method 



i=,GoogIe 



Chap. XVII 



STORAGE BATTERIES 



293 



used is called the Plante process. la practice the plates are so 
formed that the active material does not fall off, but becomes 
wedged into place. It is then in proper electrical relation to the 
electrode where it must be to take part in the chemical action in 
the cell. Kg. 280 shows a construction used by the Electric 
Storage Battery Company (later abbreviated to E. S. B. Co.). 
The plate proper (of which only part is shown) is a casting of lead 
with enough antimony in it to make a stiff plate and one on which 




Fig- 280. 

the chemical action will be very slight. The holes in the plate 
increase in diameter from the middle of the plate toward both aides. 
Into each hole there is pushed a "button" made of lead ribbon 
corrugated on one side as shown in some detail in the cut. The 
openings through the "button" afford lodgment for the active 
material formed from the ribbon itself. These plates, known as 
Manchester positives, are used in one type of battery. , Fig. 
281 shows a group ready to be used in a cell. 
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If a lead framework is formed into which certain lead oxides 
can be pasted, storage battery plates can be formed by the 
passage of current as for charging. This method is known as 
the Faure or pasted plate process. Fig, 282 shows one form of 
such construction which is used by the E. S, B. Co. (after forming) 
as the negative plate with the positive just described. A frame- 
work or grid having 25 windows through it, has had these filled 
with the proper lead oxide which is covered in by thin lead sheets 
perforated opposite the active material. These perforations give 
the darkened appearance at the window areas in the figure. The 



Fig. 281. Fio. 282. 

plate is a "box negative," Fig. 279 shows the positive of Fig. 281 
and the negative of 282 assembled. 

Fig. 283 shows a grid which is used for making the plates of a 
cell known by the trade name of Exide. Into such grids red lead 
is pasted if a positive plate ia to be made, while into others litharge 
would be pasted to make negatives. The pasted material is made 
into a dough-like mass with acid and water and then pasted in. 
When the eontenta of the grids have hardened they are immersed 
in 1200 s.g. acid and a charging current turned on. The resulting 
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chemical action changes the red lead to peroxide and the litharge 
to spongy lead. After the plates are formed they are ready to be 
used in storage-battery work. 

Details regarding the construction of these and of cells made by 
other manufacturers can be secured from catalogues and instruc- 
tion books. Firms making lead cells can be learned from the 
advertising p^es of the technical journals. 



Fig. 283. 

Lead-eulphuric-acid cells are assembled in glass jars (see Fig. 284 
for a complete cell) if they are not to be moved around, or in lead- 
lined tanks if the cells are large. Vehicle cells are commonly in 
hard-rubber jars as shown in Fig. 285 which is cut away to show 
the internal arrangement of an " Ironclad-Exide " cell. This cell 
has the negatives made as in Fig. 283 ; the positives have grids of a 
series of vertical lead rods joined at top and bottom, around each 
of which is a horizontally laminated hard-rubber tube between 
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which and the grid rod, the peroxide has been formed. A vent 
plug at the top of a sealed-in cover is provided so the acid will not 
slop out; but gas evolved may be liberated and the electrolyte 
examined. 

188, £jD.f. of Lead Cells. — The e.m.f. or open-circuit voltage 
of a lead cell is commonly stated as being 2.00 volts. Immediately 
after charge or discharge the e.m.f. is slightly affected, but after 
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the cell has stood for any appreciable time the e.m.f. will settle 
down to something between 2.00 and 2.05 volts. The density of 
the electrolyte is the chiefjactor in determining the e.m.f. If it is 
2.05 volts at 1210 s.g. it may be 2.00 volts at 1170 a.g., the battery 
being in the same condition of charge. It will be clear from this 
that the e.m.f. or open-circuit voltage of a cell is no indication of its 
state of charge or discharge. When fully charged and with 
normal charging current flowing, the P.D. may lie anywhere 
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between 2.4 and 2.8 volts. While the e.m.f. will then be higher 
than the 2.05 mentioned above, immediately after the charging 
current is taken off it will rapidly settle to approximately 2.05 
volta. The P.D. reached at charge is influenced by the tempera- 
turn of the cell, its type and its age. 

If a fixed current is taken from a cell which will discharge it in 
8hr. the terminal P.D. will be about 1.97 dropping gradually to 
1.90 in about 6 br. After this it drops more quickly to 1.8 and 
at last rapidly to 1.75 when the discharge should be stopped. If 
the discharge current is cut off, the e.m.f. rises almost at ouceto a 
figure nearly as at the beginning of dischai^e; for the electrolyte, 
depleted of acid in the pores of the plates by the chemical action 
which has been going on, immediately receives a new supply from 
the body of the liquid. 

In order to judge the condition of a battery by voltmeter read- 
ings, they must be taken with current on. When batteries are in 
good condition and with "normal" current on, the drop on the 
cell due to its resistance is about 0.03 volt. 

189, Rating and Capacity of Lead Cells. — As already stated, the 
capacity of a storage cell depends on the amount of active material 
and acid available. A battery is not rated in terms of all the 
energy which can be taken from it, however, for experience shows 
that it is bad to discharge after the P.D. with normal discharge 
current hae reached 1.75. Manufacturer rate their cells in terms 
of a normal current which will discharge them in a certain stated 
time. For stationary cells this might be 8 hr.; for vehicle cells 
4hr. Thus 



Stationary cells of the heavier types will have the normal current 
somewhere near 0.04 amp. per square inch of positive, having a 
capacity of 4 amp.-hr. per pound of element (positives and 
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negatives); vehicle cells would show figures twice as large as 
these. 

When cells are put on steady discharge at other than the 
normal rate, the capacity alters as shown by the following table. 

Houn of di«h«rBB Per cent, of c»p»cily 

8 100.0 

5 87.5 

3 75.0 

1 50.0 

The reason for this condition of affairs is that the acid within the 
pores of the plates ia used up first (its s.g. runs down) and there is 
no time to restore this acid by diffusion from other parts of the 
liquid since the discharge is continuing. If, however, the dis- 
chai^e ia intermittent and at reasonable intervals, even though 
very high discharge rates are used, practically the whole capacity 
of the cell la available. 

190. Chaipng and Dischargmg. — When a battery is in use it is 
important to be able to tell its condition of charge at any time. 
Voltmeter readings are of some help if taken with normal current 
flowing. Ampere-hour meters are often installed in the battery 
circuit to give direct reading of the ampere-hours which have been 
taken out or which are being put in. The best indicator is found, 
however, in the s.g. of the electrolyte. The strength of the 
electrolyte used in the cell determines its s.g. when fully charged. 
It might be 1200, 1275 or some intermediate value. The drop in 
a.g. for B. fuU discharge cannot be given since the relative amount of 
electrolyte and number of plates in difterent cells determines it. 
One manufacturer has types and sizes of cells for stationary service 
with s.g. drop on discharge varying from 12 to 42 points. A vehicle 
cell on full discharge will show a drop In s.g. of 100 to 150 points 
due to the restricted amount of electrolyte used. In a given cell 
the drop in s.g. of electrolyte on discharge is approximately in direct 
proportion to the ampere-hours discharged. Thus if in a certain 
cell the drop is 40 points when 50 amp.-hr. are taken out, it will 
drop80 points when 100 amp.-hr. are taken out without regard to the 
rate of discharge. A given cell varies in s.g. of electrolyte over & 
fixed range when properly charged and discharged. The only 
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things which cause a departure from uniformity are the evapora- 
tion of water from the electrolyte and changes in its temperature. 

If a constant current is flowing throughout discharge the s.g. 
drops uniformly; on charge it riseB uniformly. The best test of a 
cell being fully charged is to find that the s.g. of the electrolyte has 
ceaaed to rise when the charging current has been continued at a 
proper rate for an hour. 

There is no special dischai^e current for a given cell. Any 
discharge current may be used safely if the cell is not discharged 
too low. In this connection it may be noted that if the lowest 
P.D. permitted on normal current at full discharge is 1.75 volts, 
on double the normal dischai^e rate at the end of discharge the 
terminal P.D, would be 1.72 volts, for with the samee.m.f. double 
the normal drop in the internal resistance of the cell must occur. 
At the end of charge no fixed terminal P.D. is tobefound. With 
normal chargii^ current the terminal P.D. may rise at the end of 
charge to 2.45 volts or it may reach a figure as high as 2.8. 

In charging either one of two methods is used; constant-current, 
or constant-potential is employed. These methods are discussed 
later in sections 195 and 196. In either case for lead cells the plan 
is to so charge that gasing is avoided. Modem cells are often 
marked with two chai^ng rates, the "normal "and the "finishing" 
rate. The second is used to finish the charge after gasing has 
begun. 

The efficiency of a lead-sulphuric-acid battery should be 70-75 
per cent, if the ratio of watt-hours at discharge to watt-hours at 
charge is considered. The ampere-hour efficiency should be near 
90 per cent. If charged at constant normal current for 9 hr. after 
a discharge at normal current of 8 hr., the ampere-hour efficiency 
would be % X 100 or nearly 90 per cent. 

191. Care of Lead-sulphuiic-add Cells. — In caring for storage 
batteries the following are most important: 

(a) Keep the level of electrolyte ^ in. above the tops of the plates 
filling with pure water only to make up tor evaporation. Sometimes 
distilled water is necessary. 

{b) At fixed intervals of a couple of weeks give the battery a slow 
charge (at the finishing rate) until the s.g. of the electrolyte does not 
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rifle faigherin an hour's time. Thiaismore important {or vehicle than 
for stationary celb. 

(fi) Keep the s.g. of the electrolyte at its proper figure. Never 
add concentrated acid, and do not add electrolyte without first con- 
Bultiug the inBtnictioQ book of the manufacturer of the battery. Low 
s.g. commonly indicates insufficient chai^. 

(d) Doiiot let the cells gaa unnecessarily; gaa them only as instructed 
by the manufacturer. By gasing is meant that evolution of gas 
resulting from chemical action on the passage of current which gives 
the electrolyte the appearance of boiling. Acid is wasted, and acid 
spray projected into the room where the charging is in progress if 
unnecessary gasing is permitt«d. while excessive amount of active 
material ia being loosened from the plates and so lost to usefulness. 

(e) Never allow the temperature of the cells to rise above HOT. 
Their life is reduced and permanent harm done them if this Is not 
observed. A reduction in charging current will reduce the tem-, 
perature rise. 

Certain other matters might be included here, but a complete set of 
instructions as supplied by a manufacturer of batteries is necessary 
if best results are to be obtained. 

(/) Loss o/^eiice JWateriai,— As charges anddiachargessucceed one 
another, a certain amount of disintegration of active material occurs 
and it falls in finely divided particles to the bottom of the cell. A 
sludge OT mud is thus formed of increasing thickness. It must never 
reach the bottom of the plates; for if it does, no chaise can be put into 
or held in the cell, as the plates are short-circuited. 

(p) VenlUatUm. — There is always a certain amount of gas set free 
in charging. This is an explosive mixture if allowed to accumulate. 
Hence ventilate charging rooms. Never bring an exposed flame 
near the battery when it is gasing or shortly afterward. 

(A) Sidphating. — When a cell is too far discharged, or when it is 
allowed to stand without being fully chained, a white chemical forms 
on the positive plate which ia an insulator and seals some active 
mat^^l from iia proper chemical action. Wrong s.g. of electrolyte 
may also cause it. An overcharge at intervab helps to prevent it 
forming. Prolonged overcharging may drive it off; usually accom- 
panied by loss of active material. 

(t) Buckling. — When chemical actions in the active material of the 
electrode goes on irregularly or so rapidly that acid is exhausted 
locally, the plates may be forced out of shape by the mechanical 
pressure produced in them. This is particularly true in the positives, 
where on discharge the peroxide changes to sulphate which takes up 
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more room. By taking a cell apart and working carefully, buckled 
plates can sometimes be straightened; but at the cost ot dettiohed 
or lost active material. 

(j) ImptaiHee. — When the electrolyte contains other acids or shows 
the presence of sm^ amounts of any metals but lead, the battery 
cannot be kept chained and complex chemical actions go on which 
will ruin the cells. Impurities may be introduced by using ordinary 
faucet or well water to fill cells, or by allowing metal particles to get 
into the cells. The sulphuric 
acid used must be that made 
from sulphur. Have the manu- 
facturer approve the water 
used for replacing evaporation. 

192. Hickel-iron-alkaU 
Cell. — This battery has the 
positive plate of nickel-plated 
steel containing nickel hy- 
drate for the active material. 
The negative plate is also of 
nickel-plated steel containing 
iron oxide as the active ma- 
terial. The electrol3^e Is 
caustic potash in water with 
(it is said) a slight amount of 
lithia. Its specific gravity is 
1200, In charging and dis- 
charging, the nickel hydrate 
and theirono^ddeboth change 
chemically while no change pj^ 286 

occurs in the caustic potash 
solution. The e.m.f. is roughly stated at 1.2 volte. 

Fig. 286 shows how this ceU is put together by its makers, the 
Edison Storage Battery Company. A large amount of special 
machinery is used in preparing the material for and assembling the 
battery. The positive iron plate has a series of windows in it into 
each of which is placed a tube of thin nickel-plated perforated 
steel within which under heavy pressure nickel hydrate and nickel 
flake are rammed into place. These tubes in position are shown in 
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the figure. The negative plate has also a series of windows cut in 
it, into which are placed negative perforated pockets or boxes into 
each of which black iron oxide has been put under heavy pressure. 
Plates are assembled in groups as already described for lead cells, 
the positives being intermeshed with the negatives but separated 
from them by insulators. The assembled group or element 
is then surrounded by thin sheets of hard rubber and the whole 
slipped into an iron case or container. This has the sheet-iron 
top welded on, the terminals coming up through insulating bush- 
ings which fit them, making air-tight joints. There is also in the 
lid a filler opening which is kept nearly air-tight also, except when 
the solution is to be looked after or accumulated gas pressure from 
within opens a safety valve below the filler cap. The caustic 
potash solution must be kept from the air; for if not, chemical 
action occurs and the solution becomes worthless. 

193. Rating, Peiformance, Etc. — The nickel-iron-alkah cell is 
usually rated on a 5-hr, discharge. Thus one having a capacity of 
150 amp.-hr. is said to have a normal charge and discharge rate of 
30 amp. When fully, charged, with normal charging current on, 
the P.D. on a cell is 1.8 volts or more. On discharge with normal 
current on the terminal voltage is about 1.42 at the beginning, fall- 
ing quickly to 1.3 and then gradually until the capacity is nearly 
exhausted to 1.1. Afterthat it may rapidly fall to 0.9 at the end of 
discharge. The makers state that one of these cells may be used 
at any current rate; be completely discharged and allowed to stand 
that way without harm; does not sulphate. Further, the plates 
do not buckle because they are made of steel. Rather high in- 
ternal resistance is a disadvantage. The cells as delivered to 
customers are completely sealed up, the lid of the steel container 
being welded on. The only care these cells need is to keep the 
level of the electrolyte above the plates and to have it renewed 
after a period of perhaps 2 years. The cells must not be oper- 
ated at high temperatures (above IIS^F.). They give off no 
noxious fumes, but the gases evolved from the cells are explosive 
as are those from lead cells. 

IM. Uses of Storage Batteries. — Almost invariably in order to 
secure the e.m.f. required for practical service a number of cells 
are connected in series. It will be obvious that 10 lead cells, con- 
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- nected in series with their e.m.fB. all directed the same way will 
supply an average of 20 volte to apparatus they are to serve with 
current. A diagram for such an arrangement would be made as in 
Fig. 287. 

The uses mentioned here are chosen with the idea of connecting 
storage battery use with the D.C. circuits and apparatus men- 
tioned in the earlier chapters. 

I. On constantrpotential D.C. systems they are used to supple- 
ment the dynamo when there is a heavy demand for current by 
operating in parallel; to "float" on the line neither giving nor receiv- 
ing current and acting simply as a stand-by; to supply current 
when the dynamo is not running. In Fig. 2S8 a simple diagram 
for this is shown. By means of the end cell switch, at the left end 
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of the diagram, the right number of cells can be selected to supply 
proper line voltage. If a battery e.m.f. greater than line voltage is 
used, the battery supplies current to the system. If the battery 
e.m.f. is less than line voltage current flows in from the Une to 
charge the battery. Such an arrangement is used with com- 
mercial systems of 110, 220, 550 volts. 

2. They are used as a main supply of current to house-lighting 
systems, a dynamo being used to charge the battery at convenient 
times, and to supplement the battery when there is a heavyde- 
mand for current. Such systems usually operate at 110 or 32 
volts. Fig. 289 shows such a system. It shows IS lead cells at 
the left and three counter e.m.f. cells next to them at the right- 
hand end of the row. Counter e.m.f, cells are storage-battery 
celts in which plates are used containii^ no active material. 
They replace a rheostat in series with a battery and give a drop of 
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about 2.5 volts each irrespective of the current through them. 
Their use may be illustrated in the caee shown thus. 

The 16 ccUb when charging may have a P.D. of 2.3 X 16 = 36.8 
volte. If the lamp circuit is closed while the cells are chaining, the 
circuit coimectionfi being such that the counter e.m.f. cells are in 
series with the line to the lamps, there would be on the lighting 
Une 36.8 - 2,5 X 3 = 29.3 volts. 



The number of cells usually installed varies with the minimum 
voltage to which the cells are allowed to go. Under ordinary 
conditions we might find: 

VolU ol aystem Typa oell Number a»d 

110 Nickel-iron 94 

110 Lead 62 

30 Nickel-iron 24 

■32 Lead 16 

3. They are used for operating motor-driven vehicles. In this 
ease 34 to 44 lead cells would be used, whirfi are connected by a 
controller in combinations of series and parallel arrangement, bo 



ib,GoogIe 



Chap. XVII STORAGE BATTERIES 305 

that at the motor, requirements of speed and current for heavy 
pulling are best met. 

■4. They are used on gasoline automobiles to furnish current in 
connection with a small dynamo for ignition, lighting, and by 
operating the dynamo aa a motor to start the engine. For this 6 
volts is common, three cells of lead battery or five cells of nickel- 
iron battery being used. 

5. On steam railroad cars to supply current to lights, they are 
used directly, simply discharging while in service; or more com- 
monly to supply current to Ughts while the car is at rest or moving 



Fig. 290. 

slowly, but in conjunction with a dynamo driven fiom the car axle 
when proper speed has been attained. The dynamo then supplies 
lights and charges the battery — 64 or 32 volts are used for this 
purpose. 

196. Constant-current Charging from Constant-potential Cir- 
cuit. — Connections' tor charging batteries from a constant-po- 
tential D.C circuit are shown in Figs. 290 and 291. The correct 
direction for current flow may be ascertained by the use of a polar- 
ity indicator (see section 81) or by using a compass needle (see 
section 22) or by ammeter and voltmeter readings interpreted by 
the -|- mark on the binding posts. The cells are connected, the 
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current is set to normal value by adjusting the resistance in series 
(see Fig. 290) and the charging is in progress. The end of charge 
may be told by noting that without change in the amount of 
chai^ng current the terminal volts on each cell or on the set have 
become fixed for 20 min. or more. The value is likely to be about 
2,5 for a lead cell and 1.8 for a nickel-iron cell. During charge the 
resistance must be diminished to keep charging current constant. 
When a considerable number of cells are in series, or if they are of 
moderate or large capacity, the charging is to be ended after the 
cells begin gasing at normal rate by dropping the current to about 
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one-third of the normal rate and finishing at that. In such case 
the final voltmeter reading may not be so high as just stated. For 
constant-current charging of lead cells when the amount of current 
which can be used is not Umited, the E. S. B. Co. recommends the 
use of the following formula: 

„, . ampere-hours already discharged 

Charging current in ampere, - pp i;;,nJ^,ime-tS^hS5Hi " 

Lamps are often used for resistance, and an approximate idea of 
the amount of current fiowing can be obtained by noticing the ap- 
pearance of the filaments and estimating the current in each. The 
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arrangement is shown in Fig. 291. The amount of charging 
current is regulated by varying the number of lamps in use. This 
plan is not satisfactory unless the voltage of the charging circuit is 
considerably higher than that of the battery being charged. In 
such case the efficiency is very low. 

196. Constant-potential Charging.^An economical way to 
charge batteries is to put them directly on a constant-potential 
line and let them receive the current which may flow. This cur- 
rent at the beginning of charge may be several times normal cur- 
rent; even equal to the ampere-hours which have been taken out of 
the battery on discharge. As the cells charge the current flow 
tapers off. An example will make this clear. 

A set of 44 lead vehicle ceOs are in series for service. They have a 
capacity of 160 anip.-hr. each and an internal resistance of 0.002 ohm 
each. 40 amp. is their normal 4-hr. charge and discharge rat«. At 
the endot discharge on normal current, they have 1.85 volts P.D. each, 
and they are immediately put on a 100-volt line for charging. 

The drop in each cell due to the current is 40 X 0.002 = 0.08 volt. 
The e.m.f. of each is therefore 1.93 volts. 

00- 1.93X44 
0.002 x'44 
As the chaise proceeds the battery e.m.f. rises. 
2.05 volts per cell we have 

- 2.05 X 44 
0.002X44 -~' 
In this way the current falls until it reaches a fixed 
batteries have their highest e.m.f. 

In this method of charging there must be no more than 2.3 volts 
of charging e.m.f. per cell used; for with too large a current the tem- 
perature of the celts is too great. It is a quick and an economical 
method since no rheostat is in use. 

197. Charging from D.C. Shunt Dynamo. — A set of batteries 
may be charged from a D.C. shunt dynamo driven as shown in 
Fig. 289 or by an A.C. motor. If the dynamo has more e.m.f. 
than the battery, the battery will charge. 



Charging current = 



Chaining current = - 



171,3 amp. 


When it has reached 


111.4 amp. 


id minimum when the 
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dynamo is generating 34 volts and has a resistance of 0.5 ohm. 
A charging current would flow amounting to 2.04 amp. 



t^hould the dynamo drop its e.m.f. to that of the battories tliey 
would stop charging. Should it drop still lower the dynamo would 
be run as a motor, by current from the batteries, in the same direc- 
tion as it has been running us a dynamo. It is customary to put 
into circuit an automatic magnetic circuit-breaker which will 
open the circuit when the charging current drops too low. One is 
shown at the bottom of the switch- 
board in Fig. 289. During charge 
the proper amount of charging cur- 
rent is maintained by adjusting the 
field current of the dynamo. 

198. Charging by Mercury Arc 
Rectifier. — A mercury arc rectifier 
is shown in Fig. 292. It furnishew 
a means of rectifying A.C. and may 
therefore be used for battery charg- 
ing. The tube has four terminals 
which pass through the glass, ter- 
minating in graphite electrodes. 
Over each of the two lower ones 
Fiu 292 there is a pool of mercury. The 

tube is exhausted of air, and con- 
tains only mercury vapor. If e.m.f. is applied between any elec- 
trodes the resistance is too great for current to pass. The method 
of starting current through it and its plan of operation are de- 
scribed in connection with the diagram marked Fig. 293. 

If the tube connected as shown is tilted so the mercury bridges 
the space between electrodes A and B, an arc forme as the tube is 
put back into its vertical working position. If at that instant D 
is positive, the arc will shift and pass from D to A, a charging cur- 
rent passing down through the batteries. At the time when the 
e.ni.f. reaches zero, the arc would cease were it not for coils SS 
which with chaining current have an e.m.f. generated in them to 
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make the DC. persist (see section 106). Tbezeroofe.m.f. having 

passed and C becoming positive, the arc passes from C to ^ and 

the direct current down through the batteries continues. If the 

arc ceases for any cause, the whole starting operation must be 

begun again, for high resistance at the electrode A must be kept 

broken down by the presence of an arc or no action is possible. 

About 15 volts is lost in the arc in the tube. 

To get the right e.m.f. to supply the battery 

with proper current, the auto-trauBformer from 

which current is derived is tapped at the proper 

point by the aid of a dial switch as shown in 

the diagram. When in operation the mercury 

pool is violently agitated by the boiling of the 

mercury. It constantly condenses in the upper 

part of the tube. 

199. Charging by Vibrating Contact Rectifier. 
— This apparatus operates by using the mag- 
netic effect of an alternating current to operate 
a vibrating armature to swing synchronously 
with it, opening and connecting a circuit in 
such way that when the alternating e.m.f. is 
properly directed to charge the battery it is con- 
nected to it. The principle ofsuch an apparatus 
is shown in Fig. 294. Here an electromagnet has Fro. 293. 
a permanent magnet as an armature with poles 
as marked, supported on a spring strip solidly secured at p. When 
it moves down a contact closes at C; when it moves up this opens. 

Suppose now currentfrom theA.C. line flowsinata;the magnet 
has current in its coils which sends flux out opposite the N pole of 
the magnet armature. The armature is repelled, contact c closes 
and a charging current flows through the battery. When current 
in the A.C. line reverses the flux in the magnet reverses and the 
armature is attracted, breaking the contact C so that no current 
is sent through the battery in the wrong direction. When an 
alternating current is reversing every Xio sec, if this apparatus 
works, the natural rate of vibration of the armature must be prac- 
tically the same as the rate of reversal of the A.C. It must work 
synchronously. The permanent magnet as an armature is not 
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practical; it would soon have the magnetism shaken out of it. 
In rectifiers made by the companies which supply them, various 
ingenious adaptations of the principle are made. These rectifiers 
are to be used only when currents of not over 6 amp. are to be 
used in charging low-voltage batteries. Some skill is required in 
making exact adjustments, especially to avoid sparking at the 
contact and to have satisfactory operation on circuits which do not 
supply a constant frequency. 




Fig. 295. 



200. Cbaiffng by an Aluminum Valve. — If a jar is arranged as in 
Fig. 276 using an aluminum plate as one electrode, a lead or carbon 
plate for the other and a strong solution of baking soda (bicarbon- 
ate of soda) in water for the electrolyte, a rectifier is provided 
which works quite satisfactorily on small currents. Other 
chemicals may also be used with water for the electrolyte such as 
ammonium phosphate or any borate, but baking soda is mentioned 
because it Is so easy to purchase. 

When such acellisincludedinanA.C.circuit,afilmofgasforms 
on the aluminum plate and thereafter current will flow through the 
cell to the aluminum plate but will scarcely flow at all in the 
opposite direction. The result is that this can be used for a recti- 
fier on e.m.fs. up to something like 300 volts. OnaUO-volt A.C. 
circuit there wUl be about 35 volts D.C. available. Less than half 
of each cycle of A.C. is used. Using a rheostat the charging cur- 
rent can be held to a desirable amount. For chai^ng, the alu- 
minum plate must be connected to the -j- terminal of the battery. 

The action is fairly independent of the size of the electrodes and 
their distance apart. On account of the heat generated in the 
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valve the electrodes should be put fairly near each other and 
either a cooeiderable amount of electrolyte used so it will heat 
slowly, or the whole thing kept cool by a water circulation around 
it. If such apparatus is connected as shown in Fig. 295 quite a 
steady chaining current can be obtained. When line A is positive, 
for example, current flows up through the valve, down through the 
battery as a charging current and out at B. 

QUESTIONS AND PROBLEMS 

1. A certain lead cell (A) has an e.m.f. of 2 volts and internal 
resistance of 0.02 ohm; another (£) has the same e.m.f. but an 
internal resiBtance of 0.04 ohm. The normal current for both is 5 
amp. (o) Calculate P.D, of each when half normal, normal, and twice 
normal current is flowing in discharge (sIk values), (b) Calculate 
P.D. of each when the same currents are flowing but the cells arc charg- 
ing (six values), (c) Explain how it migh1^ be that two cells with the 
same normal charging rate, have such different internal resistance. 

2. A certain maker of lead cells gives 0.01 ohm as the internal re- 
sistance of & cell using plates 6 in. by 6 in. in size, when two negatives 
and one positive are in use. What will be the resistance of a cell 
having four positives and five negatives of the same size made by the 
same company? (The distance between plates wiU be the same. 
Consider simply the number of paths for current and the relative 
area of this path for the two cells.) 

3. A certain cell made by the Electric Storage Battery Company, 
has five rows of peroxide buttons (see Fig. 281) eight per row, and 
four rows containing seven buttons per row, in the positive plate of a 
cell to give 40 amp.-hr, at normal rate, using two negatives properly 
proportioned. What would be the normal discharge current for a 
cell containing seven positives and eight negatives? Id another cell 
of the same kind the positives have plugs like the one first named, 
but they are set 16 in a row and 17 rows are used. The negatives 
are properly proportioned. There are 10 positives and 11 negatives. 
What capacity has this cell? (Capacity and active material are 
proportional.) 

4. A set of Edison cells in series has been discharged at normal rate 
of 30 amp. in 5J^ hr.; they were then recharged at normal rate in 
7 hr. What is the capacity of the battery in ampere-hours, and what 
is the ampere-hour efficiency? 

5. A set of 62 cells (lead) all in series, is charging at the normal rate 
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of 20 amp. Their back e.m.f. has reached 2.0S volts each. Their 
internal resistance is 0.008 ohm each. How many volta is the applied 
e.m.f.? How many volte must this bo increased in order to increase 
the eurreat to double the normal? 

6. A set of 62 lead cells has a capacity of 320 amp.-hr. on a con- 
stant-potential 110-voIt system. When fully charged, the s.g. of the 
electrolyte was 1230; at discharge it is 1180. The cells are discharging 
and s.g. messurement shows that the electrolyte now stands at 1200 
s.g. How many ampere-hours capacity still in the cells? 

7. A set of 16 lead cells all in aeries is charging at the normal rate of 
15 amp. with 34 volts at the terminals of the set. The current is taken 
from a shunt dynamo directly connected to the batteries. . What is 
the e.m.f. of each cell? To what terminal voltage will the dynamo 
drop to have 16 amp. of discharge current flowing to drive it as a 
motor? Prove that it would continue to revolve in the same direction. 
(Assume that with normal current there is a drop of 0.03 volt due to 
the resistance of each cell.) 

8. A set of three lead cells on an automobile has a capacity of 80 
amp.-hr. as used for starting and ignition work. It is to be chai^^ 
froma 110-volt D.C. circuit at a constant current of 6amp. (the proper 
amount). At 10 c, per kilowatt-hour calculate the cost of current for 
charging and the amount of resbtance to control the current so that 
when charging is begun the current above stated will Sow. Assume 
the e.m.f. at time charging is begun to be 2 volts per cell and the 
internal resistance such that on normal current there is 0.04 volt drop 
in each cell. Allow 90 per cent, ampere-hour efficiency. 

9. A certain automobile starting battery rated at 80 amp.-hr. on 
a 4-hr. diachai^e, is called on tor 200 amp. to pull the engine over and 
start it. It does this for an aversi;e time of 6 sec. each time the engine 
is started. Assume that it is used only for this purpose and that the 
starting is not done so often but that the whole capacity of the 
battery is available. (For this the whole discharge must not occur 
in less than 4 hr. and even intervals between use otcur.) How many 
starts may be made on one charge? 

10. A set of 48 vehicle lead cells having a normal capacity of 250 
amp.-hr. at a 4-hr. rate is to be chained by direct connection to a 
110-voIt line. Their e.m.f. is at 1.9 volts each and when nearly 
charged it will be at 2.28 volts each. If we count the resistance of 
the cells constant at 0.001 ohm throughout charge, what will be the 
charging current (a) at beginning of charge; (6) near the end of charj^e 
when e.m.f. has reached the value stated? (c) Make a diagram to 
show how they are connected. ■ 
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CHAPTER XVII 
ELECTRIC UGHTS 

201. The Production of Light. — Commercial electric lights are 
produced by the heating effect of current in one of two ways. 

A slender conductor has enough current sent through it to 
brinB it up to a white heat and so to a condition in which it gives 
out light. It is at an incandescent temperature and is called an 
incandescent electric light. 

At a certain point in a circuit two conductors are separated while 
current flows through the path of which they form part. As the 
contact area diminishes the temperature rises locally until as the 
conductors separate, one or both of them are at a temperature high 
enough to give off conducting vapor. Through this vapor path 
the current continues to flow in an arc. The arc, the ends of the 
conductors which separated (called electrodes) or one of them, 
becomes luminous due to the heating effect present; and an electric 
arc light is produced. 

It will be the purpose in succeeding sections to briefly study the 
most important features of both types of light. 

202. Successful Lights.— To be useful any kind of electric light 
must satisfy most it not all of the following conditions: 

(o) Must be less expensive than other forms of artificial light 
or have some merit which brings it into use regardless of cost. 
(6) Must give a light of desirable color and one which is steady. 
(c) Must be easy to control; to start or to turn off. Must be 



(d) Must be durable and easy to care for. 

203. Definitions and Teim&.^Candkpower. — When we speak 
Df a light having a certain candlepower, say 20, we mean it gives 
1 light twenty times as much as that given by a can^e.' The 

' Once a oertaiii pr»crib«l aperm whi candle, but now a unit maintuned betweiD 

ncandeMent slectric lampg which are aeataaed to make them CDoatant and then 
lompared at trequent intervale, the candlepower of any one thua being kaown. 
313 ' 
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candlepower (abbreviated cp.) of a light is not the same if viewed 
from different directions. The more the area of light giving mate- 
rial aeea from any direction, the more the candlepower in that 
direction. By horizontal candlepower is meant the candlepower 
of a light in the horisontal direction; if the light given in different 
horizontal directions is not the same, it is the average candle- 
power in this direction. For incandescent electric lamps of the 
ordinary forms, the term horizontal candlepower applies when 
they are so placed that their long axis is vertical. Mean spherical 
candlepower is the average candlepower of a light in all directions. 
The reduction factor is a number by which to multiply horizontal 
candlepower to get mean spherical candlepower. 

Lumen. — It is becoming usual to speak of the hght a source 
gives in direct terms, and not by the use of the term candlepower. 
Out of any source light streams into space; what we mean by 
candlepower is merely how many times as much light streams in 
a given direction as streams from a candle. The lumen is the 
unit in which light is measured. Imagine a 1-op. source of light 
at a point giving the same light in all directions; that is haviiig 
the same candlepower in all directions. Such a light is said, for 
certain mathematical reasons, to have 12.56 lumens pouring out 
of it. It has one mean spherical candlepower. Hence in general 

Mean spherical candlepower X 12.56 = lumens 
Lumens -;- 12.56 = mean spherical candlepower. 

An incandescent filament with a fixed amount of current through 
it to hold it at constant temperature, might be stretched out in a 
line or doubled up in coils of different form; and except for the 
loss due to one turn of coil cutting oS the light from others, the 
mean spherical candlepower of the source, and the lumens it 
gives are the same; although the lumens in a given direction might 
vary greatly as the form of the filament was altered. 

Efficiency. — By the efficiency of a light is meant the watts it 
uses per candlepower produced, or the lumens per watt. The 
smaller th^ number giving the value of watts per candlepower, 
the higher the efficiency; that is the more economical is the source 
in its use of light. Thus if a source has an efficiency of 4 watts 
per candlepower or 3.14 lumens per watt it has low efficiency. If 
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^ watt per candlepower or 25.12 lumens per watt it has very high 
efficiency. Notice that , 77 = watts per oandlepower 

or— 77 — — — — -ii ■ "" lumena per watt. Commonly, how-. 

watts per candlepower "^ -^ ' 

ever, the term watts per candlepower is used of horizontal candle- 
power even when not stated; while lumens per watt is always 
irrespective of direction. 

Life. — By the life of a lamp is usually meant the number of hours 
of useful life rather than the total hours it will bum before it ^ves 
no more light. It is a term used particularly with incandescent 
lamps; but for them does not necessarily mean the hours burned 
until the filament breaks. Originally the idea of useful life was 
derived from the fact that as lamps get older, the hght they give 
becomes less, while the current continues much the same as at 
first. It does not pay to keep a lamp burning then after it be- 
comes dim although the original cost of the lamp is an important 
factor in determining when to stop using it. It is generally con- 
ceded to-day that incandescent lamps have reached the end of 
their hfe (and so the "smaahing point") when their candlepower 
has diminished to 80 per cent, of the initial rated value, whether 
the filament has then broken or not. ' 

201. Incandescent Lamp Filaments. — Carbon and tungsten are 
the materials used for iilaments of successful incandesoent lamps. 

Carbon filaments are made of liquid cellulose (woody fiberl 
squirted into alcohol to form a thread which when properly shaped 
is carbonized. Such a filament is said to be " untreated." When 
immersed at red heat in gasoline vapor, a graphite coating is 
deposited on the base carbon and the filament is said to be a 
"treated" filament. If the base carbon was subjected to very 
high temperature in an electric furnace and after "Hashing" 
in gasoline vapor was baked again at the furnace temperature, 
the filament is said to be "metallized." Lamps with such fila- 
ments have very little use to-day. They have been so far surpassed 
in efficiency, maintenance of oandlepower during life, etc., that it 
is only where efficiency is of no importance and the advantage 
of high resistance in compact space is important that they are 
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Tungsten is a rare metal which, jiader elaborate iavestigation, 
it has become possible to secure in such condition that it can be 
drawn into a wire slender enough to serve as a lamp filament. 
In some lamps the filaments are less than a thousandth of an 
inch in diameter. It has a high melting point (3200°C.) and 
can be maintained very white hot for long periods without much 
evaporation or deterioration. Using it a higher efficiency is se- 
cured than by the use of any other incandescent filament, and the 
difficulties in manufacturing it and placing it in Iami« have been 
so overcome that it is the one important filament to-day. 

Figs. 296 and 297 show incandescent lamps with filaments re- 
spectively of carbon and tungsten. The carbon filament is rigid 




Fig. 296- Fio. 297. 

enough to be self-supporting even when white hot; the tungsten 
wire softens and must be better supported by wires forming 
spoke-like projections from a glass hub. 

206. General Features of Construction. — Incandescent electric 
lamps have certain features of construction common to all or 
nearly all types. They have an all-glass enclosing globe and 
leading in wires of platinum to make a perfect seal at the points 
where current enters or leaves. The platinum wires are usually 
very short pieces within the glass to which copper wires are welded 
on each end. In the lamp these wires must be designed so that 
the sudden heating of the filament at lighting, does not cause the 
wire to expand and crack the glass around the seal, while on the 
other hand it must not carry away too much heat. Nearly 
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all incandescent tamps have a high vacuum imnde the bulb, so 
that the hot filament will not be acted on chemically by the gas 
there; but more, so that the heat of the filament is not conducted 
away by the gas. A vacuum is a good heat insulator. Nearly 



Fig. 298.— a lamp base m shown in auction at the left. An ordi- 
nary keyleas socket la shown in section at the right. The path for 
current from the positive side of the circuit to the negative through 
the lamp filament, when the lamp is screwed into place, can easily 
be traced, 

all incandescent lamps have a screw base (called an Edison base), 
one leading in wire terminating on the metal acrew-threaded por- 
tion (see Fig. 298) ; the other on the brass tip insulated from the 
shell by a glass plug. In Figs. 296 and 297 sucJi bases are shown. 
Another feature of construction common to incandescent lamps 
is the high-resistance filament. A 40-watt 110-volt lama forr 
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example, has a resistance of 302.5 ohms. Since incandescent 
lamps all operate by the heating effect of current, they are all 
equally available for A,C. or D.C. circuits. A lamp used on 
either circuit at the same e.m.f. takes the same current and con- 
sumes the same watts. 

All incandescent lamps do not have filaments of the same 
brightness. The color and brightness of the filament are related 
to the temperature at which the lamp operates. Tungsten lamps 
are more than three times as bright as carbon lamps when both 
are operated at temperatures normal for them. They have some- 
thing like 1000 cp. per square inch of Ught-giving surface. 

206. Gas-fiUed Lamps. — The most recent development of 
tungsten lamps is that which uses nitrogen or some other inert 

gas in the bulb at ordinary atmospheric 
pressure and a filament coiled in helical 
spring-like form as shown in Fig. 299. 
The presence of the gas prevents rapid 
evaporation of the filament even when 
heated to a very white-hot tempera- 
ture. The advantage thus obtained, 
more than offsets the disadvantage of 
large heat loss by the heat conduction 
through the gas to the glass bulb and 
to the outer air. This loss is reduced 
by arranging the filament in a compact 
form. Only lamps for larger candle- 
powers are made this way. The bulb 
Fig 299 temperatures of these lamps in opera- 

tion will be as high as 220''F. for the 
smaller sizes to 350°F. for the largest. 

207. Special Forms of Lamps. — Large numbers of incandescent 
lamps are used in series connection. Some are in strings of five 
or six on railway circuits. In such case the same current passes 
through all the lamps of a series and for equal incandescence the 
filaments must be of the same diameter. Special care is there- 
fore taken in making lamps to be used this way. 

Some lamps are made to operate in series on constant-current 
D.C. or A.C. circuits for street lighting. Such circuits are 



:dbvGoogIe 



Chap, mn 



ELECTRIC LIGHTS 



319 



usually supplied with A.O., the amount of current beii^ 4 amp., 
6.6. amp., or 20 amp. Such lamps have short tungsten filaments, 
deliver large candlepower, and are made with filaments in the 
helical form shown in Fig. 299. 

Mazda lamps are tungsten lamps of any of the forms earlier 
described, made by the various lamp works of the General Electric 
Company, and their licensees. 

Lamps described in section 206 and the aeries lamps for street 
lighting are called type C Mazda lamps; regular and railway 
tungsten lamps (vacuum-lamps as in Fig. 297) are type B 
Mazda lamps. 

Candelabra, decorative, novelty, electric automobile lamps are 
all made with carbon or tungsten filaments and embody the 
methods of construction already described. Very small, low- 
voltage lamps operate at lower efficiency than larger ones on 
account of the cooling effect which the leading in wires exert on 
the whole filament. 

,208. Incandescent-lamp Performance. — The efficiency of com- 
mercial tungsten lamps in present practice may be illustrated by 
the following figures for much used sizes. Carbon filament lamps 
have efficiencies of 2.5 to 3.5 watts per candlepower. 



L.mp 


Cireuit 


w.„ 


per op. 


Horiiontsl 
op. 






J 105 to 115 volte 


40 


1 a'i 


38,8 


0,78 


Types 


1 105 to 115 volte 


100 


0,35 


105,0 


0-78 


Maida multiple 


1 105 to 125 volts 


100 


0-Sl 


125,0 


0.80 


.TypeC 


1 105 to 125 volts 


300 


0.7{ 


429.0 


80 


Mazda street 












series. 


1 6-6 amp. 


72 


0,72 


100,0 




TypeC 


1 6.6 amp. 


■m 


0,61 


600-0 





Tungsten lamps when operated under usual circuit conditions 
and according to their rating will show a life of from 1000 to 2000 
hr. of burning. The life curve is much the same for all incan- 
descent lamps, no matter what the material used in the filament. 
Fig, 300 shows this for a type B tungsten lamp. The per- 
formance is the same on either A.C. or D.C On low-frequency 
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circuits a flicker of light begins to show. High-efficiency lamp 
filaments heat and cool rapidly. 

Any incandescent lamp burned "over voltage" will give a 
whiter light, but run a considerably shorter life at higher efficiency. 
At under voltage, the life ia longer, the color ia less white, and the 
efficiency disproportionately reduced. Lamps are beet operated 
at a constant voltage (or current) and at the figure recommended 
by the maker; not that which is nominal for the circuit, but that 
actually given the lamps. Very common values of e.m.f. for 
multiple circuits are 110 and 220. A better selection of lamps ia 
usually possible by avoiding lamps marked with these special 
figures. 
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Lamps marked for a certain number of watts are not necessarily 
exactly true to this marking. Individual lamps of the usual sizes, 
should all ahow a total watt consumption, at marked voltage be- 
tween 8 per cent, above and the same amount below the marked 

Incandescent lamps are used because they satisfy conditions b, c, 
and d of section 202. They are themselves devoid of fire risk; 
the substitution of one size for another ia simple and something 
anyone can do; such lights are considered "up-to-date." Be- 
sides this, temporary or permanent extensions of service are 
easy to make; while the availability of the same circuit connections 
for heating appliances and small motors gives an extra value which 
is well recognized. 
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209. Electric Arc LampB. — Such lampe are made to utilize the 
light which ie secured by separating two parts of a circuit through 
which current is flawing, thus drawing an arc as mentioned in 
section 201. The arc may be formed between the tips of carbon 
rods, the source of light being the white-hot ends of the rod; 
or it may be formed between inpregnat«d carbon rods or elec- 
trodes, such that the arc itself is very luminous. 

The mountings of the carbons and the necessary mechaniam to 
start, hold and feed the arc, complete a lamp. There is only a 
restricted field for such lamps and those using carbon rods with 
white-hot ends are rapidly being displaced. The principles of 
operation are of such importance, however, that a brief outline is 

210. The Carbon Arc. — This ia the arc formed between the 
separated tips of carbon rods made from petroleum-coke or lamp- 
black. The fine powder is mixed with a sugar syrup into a stiff 
dough. It is then forced through a die of the proper size and 
baked or reoarbonized. Uniformity of material is very im- 

- portant if steady light is desired. The rods must be .very straight 
and of uniform diameter. A.C. lamps bum very badly unless 
one carbon at least is cored. A cored carbon is one made like a 
thick-walled tube, after which a soft graphite and carbon mixture 
is used to fill the hole in it. This mixture volatilizes readily and 
maintains the arc when the A.C. passes throunh its zero values. 

The color of the light given closely resembles daylight; the arc 
burns silently when of proper length; the carbon is very infusible 
and the result of its burning is the formation of a harmless gaa; 
the carbon rods are poor conductors for heat and a big tem- 
perature difference is maintained between the ends where the 
arc forms, and other parts of the rods. 

The arc itself is a stream of glowing carbon vapor of some- 
what purple color. A D.C. arc open to the air, has both carbons 
burned to a conical form due to the ascending column of air 
around them (see Fig. 301). The upper tip is at a very white 
heat, about 4000°C., and has a crater-like form; while the 
lower tip is less hot but incandescent where the arc stream 
stops. About 80 per cent, of the light comes from the crater. 
The light comes from a very small area; 50,000 to 70,000 cp. 
» 
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per square inch would be found, varying with the c&rbons used. 
It is this very fact of producing a very powerful light of good color 
almost at a point that gives this arc its present importance. 

An alternating-current arc with the same current gives much 
less light, both carbon ends being heated equally. With every 
f current a white-hot crater forms and then as current 
dies out and reverses the carbon ends cool 
down, and as it starts in reverse direction 
a crater is formed on the other carbon 
end. In a D.C arc the positive carbon 
bums away twice as fast as the negative 
if they are of the same size and material. 
In an A.C. arc they bum at nearly the 
same rate. 

A D.C. arc will hiss when short and 
flame when long, but at proper length 
(say K ii*- for a 10-amp. current with 
Jie-in. carbons) using about 45 volts, it 
bums silently. An A.C, are is always 
noisy, the tone emitted being determined 
by the frequency of the current. 45 volts on the arc with 10 amp. 
would be normal for it, 

211. Forms of Carbon Arc Lamps. — Those in which the carbons 
are exposed to the air may be hand feed lamps, used in projection 
lanterns and for search lights. In them the carbons are drawn 
apart, given proper alignment, or fed toward each other by a 
hand-operated screw feed. The screw is usuaUy so cut that 
one carbon rod is moved twice as fast as the other. It must be 
so for D.C. lamps, for in this way the crater is kept at the correct 
point to give the desired light projection. 

In other lamps for general lighting, the carbon ends where the 
arc forms are tn a glass enclosure arranged so that almost none of 
the air around the lamp can reach the hot carbon ends. When 
the lamp goes into operation the air in the enclosure rapidly parts 
with its oxygen, which forms carbonic acid gas there; and there- 
after the carbons burn away very slowly, as the result of the 
vaporization of the carbon tips in the arc. The carbons bum with 
very blunt ends in such lamps, and to let the light out the arc is 
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drawn at least % in. long. This makes the volts across the arc 
75 or more. It burns fairly steady, however, because of the 
absence of air currents within the enclosure. Such a lamp is 
shown in Fig. 304. 

Open carbon arc lamps use currents of from 6-60 amp. and 
have 45-55 volts across the arc. Enclosed carbon arc lamps have 
3-7 amp. through them with (usually) 75-80 volts across the arc. 
D.C. lamps use 2-3 watts per mean spherical candlepower. 
Alternating-current lamps have a power factor from 0.6 to 0.8 
and use about 3.5 watts per mean 
spherical candlepower. 

212. T^cal Arc-Umps Mechanisms. 
— All automatic lamps must have a 
means of starting the arc, of keeping the 
arc burning and of feeding the carbons 
to maintain a constant steady light. 
Arc lamps are used on constant-po- 
tential circuits in parallel; while on 
constant-current circuits they are con- 
nected in series. Two essentially differ- 
ent types of mechanism are used. The principles embodied in 
them hold for all are lamps. 

Fig. 302 shows a diagram of the mechanism for a lamp like that 
shown in Fig. 304. Such a lamp is built to work on a constant- 
potential circuit and to regulate for constant volts on the arc. 
When the switch S is open the magnet armature is down, the 
clutch C is open, and the carbon rods rest on each other at A. 
Th^ magnets are in series in the circuit; Fig. 303 shows the clutch 
they operate in detail. When current is turned on the lamp by 
closing the switch, current flows in through the ballast B, through 
the magnet coils MM, down the carbon rods and out through the 
switch S. The current which flows causes the magnet to lift its 
armature, closing the clutch on the upper carbon and raising it so 
as to strike the arc. As the upper carbon rises, the resistance of 
the^ lengthening arc causes the current through the circuit to 
decrease; and this continues until the amount of current flowing 
is just enough to cause the upward pull of the magnet to balance 
the downward pull of gravity on the upper carbon, the armature 



Fig. 302. 
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and their attachments. The lamp then burns if on 110 volts, 
with 75 volts on the arc, 3 to 5 volts on the magnets, while the 
remainder is lost in the ballast. 

As the carbons burn away the lengthening arc causes the current 
to diminish further, thus weakening the magnets and aUowing 
the upper carbon to move slowly downward, until at some point 
the clutch slips, the carbon slides through it, the Increase of current 



causes the magnet to pick up its armature again and the arc is 
fed. 

The lamp described is a D.C. lamp; ballast B la simply some 
electrical resistance wire, usually placed within the upper part 
of the case. It is always included in order to use up the volts 
not taken by the arc and mechanism. It also prevents large 
current changes through the lamp as the carbons separate to 
the proper distance for operation. In an alternating-current lamp 
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tliis would be replaced by a choke coil; that is, aa iron core on 
which a coil of copper wire-is wound. The inductance of this 
coil takes the place of the resistance used in the D.C. lamp with- 
out the loss of energy it occasions. 

The type of mechanism usual for conatant-current circuits 
where lamps work in series may be illustrated by Fig. 305. Mag- 
net M is wound with coarse wire in scriea with the arc, m is a mag- 
net of fine wire placed below it. Between the magnets is the 
armature A subject to the attraction of both. When no current 
is on the lamp the carbons are together, the armature is down, 
and contact C is closed. When cur- 
rent is turned on, two alternative paths ' 
are open for current to flow, dne is 
from the positive terminal through the 
carbons and mi^piet M, the other 
through the contact C and resistance 
R. Resistances are so proportioned 
that enough current passes through 
M to cause it to lift the armature, 
opening contact C. As it rises further ^ „„_ 

■<. .1. 1 . 1. , ■ .i_ Fig. 305. 

it causes the clutch to gnp the upper 

carbon and raise it. The arc is thus struck. As the carbons 
separate, current begins to flow in increasing amount through 
the shunt magnet m which had no current in it, while the car- 
bons were together. The increasing pull it exerts along with 
that of gravity soon comes to balance the upward pull of M. The 
armature ia then stationary and the are burns quietly. When the 
arc gets abnormally long the shunt magnet becomes powerful 
enough to pull the armature down until presently the clutch lets 
go and the upper carbon feeds. 

In any lamp worked on a constant-current circuit in series with 
other lamps provision must be made to have some shunt device 
so that if the lamp mechanism fails the circuit ia maintained and 
other lamps continue to burn. For this reason the contact C 
was provided. An open circuit in the lamp will cause this to 
close and the current through other lamps be uninterrupted. Thia 
device ia called the cut-out. 

When several lamps are burned in series from a constant-po- 
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tential circuit, a cut-out is provided on each; but instead of a 
lamp being short-circuited when the cut-out operates, the arrange- 
ment is auch thftt enough resistance is put into the circuit to hold 
the current through the other lamps unaltered. For arc lamps 
working in series a shunt magnet and a differential pull such as 
it produces is necessary; for those in parallel supplied with con- 
stant potential a simple mechanism with series magnet is common. 

A dasbpot is always attached to the magnet armature to steady 
the operation of the mechanism and prevent sudden changes in 
position of the armature or even rupture of the arc at starting. 
Frequently the piston is of graphite for the sake of automatic 
lubrication. The current is always conveyed to the upper moving 
carbon of an arc lamp by a flexible wire connected from a fixed 
portion of the lamp to the carbon holder, never through rubbing 
contacts. It is often a bare strand of wires, on which a lot of 
glass beads are strung to provide the insulation. A 12-in. carbon 
is usual for each trim, the stub being used for the negative elec- 
trode. For an A.C. lamp one of the carbons is always cored. 
A reduction in diameter of carbons on a given lamp results in 
securing much more light for the same current. The ballast on 
constant-potential arc lamps is always planned to be very dura- 
ble. If of resistance wire it is made large enough not to overheat 
when the largest current flows; that is, when the carbons stick 
together and will not separate. It has been common to design 
lamps so that by the interchange of inductance for resistance, 
a D.C. lamp can be transformed to use it on A.C. Resistance 
and inductance types of ballast are always so arranged that the 
amount in circuit can be adjusted. This permits adjustment to 
circuits of different e.m.f. and also supplies the means for adjust- 
ing the voltage on the arc. The more volts on the arc the higher 
the efficiency of the lamp, but if this is carried too far the lamps 
become unsteady in operation. 

The magnets are wound using a size of wire which will not 
become dangerously hot under extreme conditions, on a spool 
which is split longitudinally if of metal, so that A.C. will not 
cause eddy currents to flow -and heating to result. Often the 
magnet spools or the magnet armature or both are spring-sup- 
ported when the lamp is for A.C, in order to suppress the noise 
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resulting from the pulsating pull. To adjust for larger current 
a tap along the series magnet is often provided. With less turns 
on the magnet the lamp takes more current. A heavier weight 
on the armature or on the moving carbon produces the same result. 
The iron armature is laminated in A.C lamps. 

213. Flame Arc Lamp.— A flaming arc is formed between the 
ends of carbons impregnated with metallic salts. Particles of 



Fig. 306. 

these salts are heated to brilliant incandescence in the arc. Cal- 
cium fluoride is commonly used, the amount in the carbon being 
sometimes as much as 25 per cent, of the total. The light from 
a lamp using carbons thus impregnated is reddish yellow; if 
barium and titanium are used, the color of the light is white. 
The temperature of the arc is lower than that between carbon 
ends and so the tips are not so hot. The amount of light from 
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a yellow flame is so great as to work at about 0.45 watts per 
mean spherical candlepower. 

From such an arc fumes rise which must be carried away from 
the glass of the inner globe which would be obscured by them, 
and kept from metal parts which they attack chemically in the 
presence of moisture. The products from the hot arc rising in a 
fine powder make these fumes. They are carried by the as- 
cending hot gas current up into a 
condensing chamber at C in Fig. 
306 where they are deposited. The 
' cooled and clean gases pass down 
over the surface of the inner globe 
to return again carrying the prod- 
ucts of the arc up to the condensing 
chamber. This chamber is entirely 
separated from the mechanism box. 
Immediately above the arc there 
is a piece of refractory insulating 
material called an economizer, 
shaped like an Inverted cup. This 
holds the hot gases in the arc, in- 
creasing the life of the carbons; 
while, since the fumes always keep 
it coated very white, it helps to im- 
prove the light the lamp supplies. 
A little blow coil just above the 
Fio. 307. economizer holds the arc down to 

the carbon ends. Sliould slag form 
at the carbon tips it may interpose enough insulation to make 
trouble in starting the lamp. 

The mechanism is similar to Fig. 302 for constant-potential 
lamps or to Fig. 305 for constant-current lamps. That shown 
in Fig. 307 is for a constant-current lamp. Here a series and 
shunt coil are pulling against one another through the medium 
of a rocking lever. In order to keep the arc always just below 
the economizer both carbons have to move; the downward feed 
of the upper carbon being accompanied by an upward feed of 
the lower. The proper relative motion is secured by the arrange- 
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ment of the chain wheel shown in the figure. The lamp here 
shown uses carbons Ji in. in diameter and 14 in. long. A cunent 
of 10 amp. is used with 55 volts on the lamp (50 on the arc) and 
on A.C. work with a power factor of 0.8. 

2U. The Magnetite Arc Lamp. — The magnetite, metallic 
flame, or luminous arc is formed between electrodes one of which 
is copper and the other a tube of thin sheet iron containing an 
impalpable powder of magnetite {the magnetic iron ore). In 
addition there is said to be some oxide of titanium present to 
make the arc more luminous and oxide of chromium which on 
account of its high melting point prevents too rapid waste of the 
electrode. The arc keeps the iron tube sealed at the end. A 
4-amp. arc with about 70 volts between electrodes ia common, 
/ using-a He-in- ^^c length. It is the material from the negative 
electrode which produces the light. The current always passes 
from the copper to the other electrode. The arc is open to the 
air and the fumes which pass off from it are carried up through a 
chimney in the center of the lamp. It is not, therefore, a lamp 
for use indoors. The light is very white, the efficiency being about 
1 watt per mean spherical candlepower. The electrodes are 
compaiatively cool during operation of the lamp. It is used 
only on D.C. or rectified A.C. ; for the arc will not reestablish itself 
on reversal of alternating current. 

Fig. 308 shows a picture of such a lamp and a diagram of 
connections beside it. In the lamp will be recognized features of 
mechanism already described. Were the globe shown in place a 
metal pan would be seen placed to catch fume deposits and any 
hot particles which drop from the arc. 

The carbons are separated when the lamp has no current through 
it and so the method of operation is slightly different from any 
heretofore studied. The mechanism of the constant-potential 
lamp is very easy to understand. That for operation on constant 
current is shown in the diagram. Its method of operation follows. 
Before current is admitted to the circuit the carbons are separated 
and a contact at a is closed. Current through the circuit flows 
from Ti through starting resistance, starting magnet and short- 
circuit oU shunt magnet {contact a) to 7*;. The starting magnet 
lifts its armature which closes the circuit through the carbons. 
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The series magnet now receiving current through the carbons picks 
up its core, opening contact a. Tlie shunt magnet is thus thrown 
into circuit and increasing the r^istance through the starting 
magnet circuit causes it to feed the arc. As the arc bums, the 
current through the starting and shunt 
magnets in series gets larger, for they 
form a shunt to the increasing resistance 
of the arc. Since the circuit has constant 
current, the series magnet hae the current 
in it diminishing. The result is that the 
current in the shunt magnet is rising until 
contact a closes. Immediately the start- 
ing magnet receives enough additional 
current to pull up on its armature and the 
arc is fed. It must be understood that a 
simple detent device holds the lower car- 
bon from sliding down more than a long 
arc length from the upper when the clutch 
connected to the starting magnet lets g 

StMtLm BalitMiea 





Lamps are made at present for 4, 5, or 6.6 amp. using 75 volts on 
the arc. With i^g-in. by 9H-in- magnetite electrodes they 
burn 100 to 300 hr. per trim, depending on the amount of current 
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216. Current Supply for Series-lightiiig Circuits. — Commercial 
dynamo circuits are arranged to work at constant potential. If 

constant current is required, special apparatus must be used. 
Certain of the most common arrangements will be described. 

By the use of a transformer like that in section 135, a coastant 
current at variable voltage may be secured. Under vari&tion of 
resistance in the circuit the current remains practically unaltered, 
the e.m.f. varying to meet the necessary conditions. Incandescent 
lamps may be connected in a single series on such a transformer. 
Since the burning out of any lamp would open the whole circuit, 
it is necessary to provide means to prevent this. At each lamp 
there is therefore installed a film cut-out or a shunt reactance. 
A film cut-out is a thin piece of insulation which will fail with 
350 or 400 volts across it, placed between conducting pieces, one 
of which is connected to one terminal of a lamp, and the second 
to its other terminal. Should 'the lamp fail, the whole voltage of 
the circuit is applied to the Glm; the film breaks down and the 
lamp is thus short-circuited and the circuit kept in operation. 
A shunt reactance is a coil on an iron core which shunts a lamp. 
The reactance is great enough so that very little current will be 
diverted from the lamp. Should the lamp filament break the 
whole current Sows through the shunting coil, but no greater 
rise of potential across lamp terminals occurs for the counter 
e.m.f. due to the inductance does not change much. The current 
in the coil is considerably larger, but because of saturation of the 
iron on which the coil is wound the flux per ampere is much less 
and so the inductance is smaller (see section 115). Hence IX 
increases only a moderate amount. When arc lamps are operated 
from constant-current transformers, they are connected in a single 
series, using a type of mechanism similar to that shown in Fig, 
305, including the individual cut-out for each lamp. A fault of 
this method of arranging a constant-current circuit lies in the 
fact that if the line open-circuits and falls to the street, the 
highest voltage of the secondary exists between the open ends. 
Safety devices are available to prevent this condition by short- 
circuiting the line or that part of it which contains the break. 

Another method of arranging series circuits to operate at 
constant current is to connect in series with the lamps a coil into 
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which a couater-balanced iron core is drawn by increasing current. 
The whole circuit thus made up is connected to a constant- 
potential source of 1100 or 2200 volte. A small increase in 
current resulting from reduction in load and of circuit impedance, 
causes the core to be drawn into the coil, thus automatically 
increasing its impedance and holding the current from more 
than a slight change even with large changes in line impedance. 

A thbd plan for operating incandescent lamps in series is to 
connect a suitable number directly across a constant-potential 
circuit. The current stays practically constant even though 
some lamps should break their filaments. If this plan is used 
with a film cut-out on each lamp, an ammeter must be in- 
stalled at the station and a bank of lampe be there provided 
to be turned successively into the circuit, as need arises, to hold 
the current to the proper value. 

Direct-current series circuits for magnetite arc lamps are 
worked from mercury arc rectifiers. The principle of operation 
of a rectifier has been described in section 198. The arc-lamp 
circuit takes the same place as the storage batteries with virtually 
equivalent connections, while the bulb is somewhat changed 
in construction to suit high-voltage conditions. The bulb works 
from the secondary of a constant-current transformer, the whole 
apparatus usually being immersed in a tank of oil. 

QUESTIONS AND PROBLEMS 

voltage the changes in Mazda lampB are 

Per cent, changes (increase) 

in volt^e in candlepower in current 

1.0 3.56 0.58 

A Mazda lamp of 60 watts is in operation on a 120-volt circuit. It 

uses 1 watt per horizontal candlepower. Pind (a) its resistance under 
normal conditions; (b) its candlepower and current under normal 
conditions; (c) its candlepower, current, and resistance when the 
circuit voltage drops to 117.6; and (d) when it rises to 122.4. 

2, Referring to the table in section 208 calculate the mean spherical 
candlepower, the lumens, and the lumens per watt of each of the 
following: (a) 40-watt type B Mazda lamp; (b) 100-watt type B; 
(c) 100-watt type C. 
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3. A certain room may be lighted by using four fixtures. The total 
horizontal candlepower of the lamps should be about 1200. Either 
100-watt or 25-watt type B Mazda lamps may be used. Which 
would be preferred and why? Consider (a) cost per hour of operation; 
(b) appearance; (c) cost of installation. Use a practical fixture 
arrangement for each size of lamp. 

i. The type B Mazda lamp when hung vertically with base above 
gives 3-S of its rated candlepower downward. Type C lamps give 
40 per cent, of their rated candlepower downward. Why this 
difference? Calculate downward candlepower for 100-watt type B 
and for 100-watt type C lamps. 

0. It is desired to so control the lamps lighting the room referred to 
in problem 3, that with a certain Suture arrangenlient the light can bo 
cut to one-third its total amount by turning oS two-thirds the lamps 
at each fixture. Make an outhne diagram for this allowing no more 
than 660 watts per circuit from the panel board and controlhng the 
lights through the least practicable number of push switehes mounted 
on the wall of the room. 

6. Thinking of a simple D.C. 5-amp. constant-potential arc lamp 
and mechanism like that shown in Fig. 302, (a) calculate the amount 
of r^istance to use for the ballast if 76 volte are used on the arc, and 
4 in the m^net; the applied e.m.f. is 120 volte. (6) Why will reducing 
the number of turns in the magnet winding cause the lamp to take 
more current? 

7. For a series A.C 6.&-amp. arc (a) why is a ballast unnecessary; 
(b) what would be the effect on the performance or condition of opera- 
tion of the lamp if a lead weight were hung on the armature A {see 
Fig. 305)? 

8. Two flaming D.C. arc lamps are worked in series across a 220- 
volt circuit. The current they use is 5 amp. Calculate the number 
of ohms for a ballast resistance, so that the cut-out on one lamp when 
in trouble may throw it into circuit and the other lamp bum without 
change in current. 

9. A 100-watt type B Mazda lamp, marked 110 volts, is true to its 
rating. It is installed on a 110-volt circuit where it receives low 
voltage resulting from 5 per cent, line drop. For each per cent, drop 
in applied volts, a Mazda lamp receives }4 per cent, less current 
and drops 3.5 per cent, in candlepower. Calculate the cost per 
candlepower for 1000 hr. when the lamp has 110 volts at its ter- 
minals and compare the cost when operated from the circuit as 
stated above. Current is to be taken at a residence rate of 10 c. 
per kilowatt-houi. 
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10. A certain store has in it five 5-amp. constant-potential arc 
lamps on a llO-volt D.C. circuit. Carbons cost 3 c. each and one 
must be supplied every 125 hr. The cost per trim per lamp for labor 
and repairs is 6j^ c. The value of current (an isolated plant) is 6 c. 
per kilowatt-hour. 

Type G Mazda lamps of 200-watt size can be purchased for $2 
each. They last an averse of 1000 hr. of burning and labor coat in 
placing lamps and cleaning them is 10 c. per lamp per 1000 hr. The 
m.s.cp. of the arc lamp is 226; that of the type C lamp about 215 bo 
that one may fairly replace the other. 

N^lectir^ fixture and original arc lamp coat, will it lie less expen- 
sive to use type C lamps or not? (Calculate the total cost for 1000 
hr. of burning of each lamp and compare results.) 

11. Calculate the advantage (1) in total candlepower, and (2) in 
saving in cost, by replacing twenty 50-watt Gem lamps having 
a m.s.cp. of 16.5 each, by twenty 40-watt type B Maida lamps having 
a m.s.cp. of 30.5 each. They are used in a building served by central 
station current at 10 c. per kilowatt-hour. The gem lamps last about 
500 hr., but are supplied on a free-renewal basis. The Mazda lamps 
cost 25 c. each and have a life of 1000 hr. Calculate saving in cost on 
a lOOO-hr. use of light, the two items being cost of current and cost of 
lamps. The labor coat on the installation is negligible. 

IS. A certain series incandescent A.C. street-lighting circuit has 
on it 100-cp. 6.5-ainp. lamps. The P.D. on each lamp with this 
current is 13.1 volts. The lights are 176 ft. apart along a parkway 3 
miles long. The pole line of No. 7 wire takes such a route that an 
extra mile of wire, 4 miles in all, completes the circuit through all the 
lamps, (a) What volts must be supplied from a constant-current 
transformer for this Une when all the lamps are burning? (b) What 
rated kw. should be selected tor this work? The sizes available are 
6, 1)4, 10, 15, etc. (e) If 10 lamps were suddenly to have the film 
cut-outs operate, what immediate per cent, increase in current would 
result and what e.m.f . would be on the line when the current is restored 
to its correct value? (d) Tell what plan you would use in starting 
such a circuit into operation. Consider the manipulation of thinga 
at the constant-current transformer, (e) If the line should open at 
some point what probable F.D. would be found between the ends at 
the break? 
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WIRE AND WIRING 

216. Wire Sizes. — Copper and alloy wires used in electrical 
work are drawn to a series of round sizes known by gage numbers 
in the American or B. & S. (Brown and Sharpe) gi^e. These sizes 
run from No. 0000 (four naught) the largest, which has a diameter 
of 0.46 in., to No. 36 which is 0.005 in. in diameter. Starting 
with the diameter of any size, that of the next smaller (called 
by the next larger number) is reached by multiplying by the 
number 0.890525. The best wire tables give the diameter of the 
various sizes to the nearest figures in the fourth decimal place. 
Wires smaller than those in the wire gage are des^ated by their 
diameter in mils or thousandths of an inch. 

Another way for designating wire sizes is by stating their cross- 
section in circular mils. In order to determine the size this way, 
take the diameter of the wire in thousandths of an inch and 
square it. The result is the number sought. Thus for a 0000 
wire, the diameter of which as stated above is 0.46 in. 

460 X 460 = 211,600 circular mils section. 

A mil is a thousandth of an inch. The result of squaring the 
diameter thus expressed is to produce a whole number which while 
not the real section is proportional to it. To get the real section 
(in square mils) simply multiply the circular mil section by 0.7854; 
for the aiea of any circle is obtained by the formula 

area of circle = 0.7854d'. 

The value of this method of designation lies in the fact that it 
makes it very easy to compare wire sizes. If the circular mil 
section of one wbe is half as much as another its resistance per 
foot wiU be twice as much as the other. 
335 
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For the sake of the flexibility obtained by using a number of 
wires ID a cable, many electrical conductors are made of a group 
of conductors of equal size "cable laid;" that is, arranged with one 
wire in the center surrounded by a group of six wires carried 
along with a slight spiral m one direction; the next layer is run 
with a reversed spiral, etc. Fig. 309 shows a cable end. In such 
cabling the strand is made of the central wire surrounded by a 
row of Bix; the next layer would contain twelve and each sub- 
sequent layer six more than the previous one. Thus any cable 
must have 7, or 19, or 37, or 61 wires, etc. A cable is designated 
by the cross-section of all the wires in it expressed in circular mils. 
To illustrate this take the following example of a cable having 
200,000 circular mils section. 



n which cose each wire 
must have a section of - ,'q = 10,526 4- circular mils. Thediameter 

of each wire will thus be ^10,526 + - 102.6 mils or 0.1026 in.; 
very close to No. 10 A.W.G. 

Or it might be made with a strand of 61 wires in which case each 
wire must have a section ot — „' — — 3278.7 circular mils. The 

diameter ot each wire will thus be ■v'3278.7 = 57.26 mils or 0.05726 
in., very close to No, 15 A.W.G. 

lOitlior of the cables thus described has the same section, al- 
though one has 19 and the other 61 wires. They illustrate two 
sorts of stranding which are common in manufacture. The first 
represents regular stranding, the second flexible stranding. The 
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smaller the wires in the strand, the larger is the cable for the 
same circular mil section, but the more flexible does it become. 

217. Resistance of Wires. — The copper used in wire is not 
invariable in its conducting quality. This may be due to its hav- 
ing been annealed or not; or may depend on the exact purity of 
the material. The addition of very smaU percentage of metals, 
in themselves good conductors, will decrease the conductivity of 
copper. Copper is said to have 100 per cent, conductivity if in a 
wire 1 mil in diameter properly annealed, it measures 10.371 ohms 
per foot of length when at a temperature of 20''C. C^mercial 
copper in wires of average size is very rarely less than 97 per 
cent, conductivity — that is, having a resistance of 10.692 ohms 
per mil foot (obtained by 10.371 -i- 0.97). It is possible to have 
a conductivity higher than 100 per cent. Wire used for dynamo 
windings is often of such conductivity. 

To determine the resistance of 1000 ft. of any size of wire having 
100 per cent, conductivity call to mind the fact that resistance 
varies directly with length and inversely as section, and apply 
the formula 

« p„ 1000 ft. . '^-^ "f ": x.''°i5'? " ": 

■^ section in circ. mils. 

It has been inferred above that the resistance of wires increases 
with rise in temperature. The amount is 0.4 per cent, per 
degree C. rise in temperature. The increase in resistance due to 
location in a hot place or under atmospheric changes may be too 
great to be neglected (see also section 102). 

In section 9 of Chap. I certain important facts were stated 
about the relative resistance of wires of diftei^nt sizes in the 
American wire gage. These will be needed in connection with 
sulwequent work. In addition it may be noted that if the re- 
sistance per 1000 ft. of one size is known, that of the next may 
be derived by dividing by 0.8 or multiplying by 0.8 according to 
whether the size is larger or smaller. Anyone who expects to do 
practical work with commercial wire should be able to determine 
by these approximate methods the approximate resistance of 
any size or length of wire or cable by a simple calculation and 
without the aid of a table. 

In order to realize the relation between the resistance of 100 
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per cent, copper wire in commercial sizes compared with that 
derived by using the above principles note the following table: 
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2 


66,370 


0.1563 


64,000 


0.156 


3 


52,640 


0.1970 


50,000 


0.20 


4 


41,740 


0.2485 


40,000 


0.25 


5 


33,100 


0.3133 


32,000 


0.31 





26,250 


0.3951 


25,000 


0.40 


7 


20,820 


0.4982 


20,000 


0.60 


8 


18,610 


0.6282 


16,000 


0.625 


9 


13,090 


0.7921 


12,500 


0.80 


10 


10.880 


0.9980 


10,000 


1.00 


a 


8,234 


1.281 


8,000 


1.25 


12 


6,530 


1.588 


6,250 


1.60 


13 


5,178 


2.003 


5,000 


2.00 


u 


4,107 


2.525 


4,000 


2.50 



The last two columns of this table are made according to the 
following plan. Starting from No. 10 for which the data is given 
10,000 



For No. ! 



= 12,500 c.n 



1.00 X 0.8 = 0.8 ohms 



For No. 11 10,000 X 0.8 = 8000 cm. 1.00 -f- 0.8 = 1.25 ohma 

Starting once more from No. 10, since three sizes change doubles 
the section and halves the resistance, No. 7 has a section of 
20,000 cm. and 0.5 ohm resistance per lOOO ft. Starting from 
this and using 0.8 as a multiplier or divisor the data for Nos. 8 
and 6 are secured. In forming the table the important fact is 
that the section and resistance halve or double every three sizes, 
the 0.8 relation will only hold for a very limited range. 
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Considerii^ the fact that in commercial practice varying con- 
ductivity and temperature both affect the result, it will be plain 
that the approximate values are amply good enough for ordinary 
use. 

218. Insulated TOre. — Most wire used in inside constructioD ia 
rubber-covered. This rubber ie really a mixture of pure Para 
rubber, washed and then mixed with metallic oxides, talc or other 
earthy matter and perhaps some waxes such as ozokerite, ceresin 
or oxidized oOs or resins. The coloring matter is white or red 
lead, or lamp black. A very important addition is 2 or 3 per 
cent, of sulphur which vulcanizes the rubber compound after 
it has been put on the wire. The rubber compound is thus 
made firm and tough while it remains flexible. Probably not 
more than 15 per cent, of the whole compound is rubber in the 
kinds commonly used. The wire is tinned and then covered by 
pacing it through a machine in which a plunger forces the com- 
pound through a die at the center of which the wire ie guided 
through and after being covered is received on a reel. The 
covered wire is then placed in a steam-heated closed vessel at a 
temperature high enough to produce vulcanising. It is then 
covered with cotton braided on, often in a double layer, and 
afterward soaked in a waxy compound to fill the braid and make 
the rubber cover more thoroughly water and weatherproof. For/- 
data regarding thickness of insulation, tests to whicli it may be 
subjected, etc., the reader is referred to the National Electrical 
Code. This is a set of rules and requirements regarding electric 
wiring and apparatus issued by the Kational Board of Fire Under- 
writers through their local representatives and inspection bureaus. 
The ndes are concurred in by aU important electrical associations 
of the country. 

219. Installing Wiring. — The installation of wire is done by one 
or the other of four plans. 

(o) In Open Work. — The wires are in plain view supported on 
porcelain cleata or knobs. 

(b) In Knob-UTid-tube Work. — This is the usual method in ordinary 
house construction. The wires are carried through floor joists and 
studs in porcelain tubes; and in the same directions as they run on 
porcelain knobs. 
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(c) Jn Moulding Work. — The wires are laid in groovea out in wood 
and over them a covering atrip ia nailed or screwed. In mettd mould- 
ing both sides of the circuit are placed in the same runway. 




X^um 



{d) In Conduit Work. — Iron pipe with smooth interior finish forms 
the pathway through which the wires are drawn to iron outlet boxes 
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where fixtures, awitches, etc., are connected. This sort of Gonetnie- 
tion ia used in basements and in all fireproof buildings.' 

No matter which method of construction ie used, one or the 
other general plan of making connections is used. The one most 
commonly used is the panel-bonxd system. Fig. 310 shows the 




principle of such a system. In it the supply is carried by mains 
to some central location at which a panel board is installed. 
Here all fuses are located and from it all branches run to the 
rooms where current is used, often branching without fuses, each 
branch circuit serving apparatus using no more than 660 watts. 
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The tree system as shown in Fig. 311 is specially adapted 
to open wiring. A feeder is tapped by mains and these in 
turn by branches, cut-outs being installed at each branching 
point. 

220. Rise in Tempercture of Wires in Service. — A rise in 
temperature is produced in every wire carrying current. Should 
it be impossible for any heat to escape, no matter how small 
the current, eventually the wire would rise in temperature to the 
melting point. In the practical case the final temperature 
is reached when the heat dissipated per second is equal to the 
amount of heat generated per second due to the Sow of current. 
The rise in temperature is regulated by the amount of current, 
by the size and conductivity of the wire and by the temperature 
of its surroundings and their character. 

Long ago the current was determined experimentally which 
would raise the temperature of a wire 18°F. The values below 
were those determined for insulated wire buried in wooden 
mouldings. Such a current when doubled would , cause the 
temperature to rise 75°F. 



Kh 


A<np«. 


si» 


Ampana 


0000 


174 


g 


21.6 





103 


12 


12.8 


3 


61 


15 


7.6 


e 


36 


18 


5-1 



The amount of current which it is safe to carry in house wiring 
is prescribed by the National Electrical Code. The figures are 
reproduced below for convenience in problem work. In conduit 
and exposed wiring the heat is dissipated more readily than when 
in mouldii^; hence with figures more liberal than in the table 
above the rise in temperature corresponds fairly well. Every 
electric circuit is supposed to be designed with a factor of safety 
of 2. That is BO that under doubled current no dai^rous rise 
of temperature will occur in the wiring. 
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rubW 


other 








mil. 








■mparoi 


■mpem 


■ 


smpem 


■mperai 


IS 


3 


5 


200,000 


200 


300 


16 


6 


10 


■ 300,000 


275 


400 


14 


15 


20 


400,000 


325 


600 


12 


20 


25 


500,000 


400 


600 


10 


25 


30 


600,000 


450 


680 


8 


35 


50 


700,000 


500 


760 


6 


50 


70 


800,000 


550 


840 


5 


65 


80 


900,000 


600 


920 


4 


70 


90 


1,000,000 


6S0 


1,000 


3 


80 


100 


1,100,000 


690 


1,080 


2 


90 


125 


1,200,000 


730 


1,150 


1 


100 


150 


1,300,000 


770 


1,230 





126 


200 


1,400,000 


810 


1,290 


00 


150 


225 


1,500,000 


850 


1,360 


000 


175 


275 


1,600,000 


890 


1,430 


0000 


225 


325 


1,700,000 


930 


1,490 








1,800,000 


970 


1,660 








1,900,000 


1,010 


1,610 








2,000,000 


1,050 


1,670 



221. The National Electrical Cod«. — ^This code is designed to 

BO regulate the installatiou of electrical apparatus that no fire 
risk can develop. Fire risk is caused mainly by overheated con- 
ductors and by defective insulation. Everyone who has any- 
thing to do with the installation of electrical apparatus should 
have an up-to-date set of rules. Certain ones must be known 
in Older to intelligently calculate wire sizes to be used. Inaide 
work only will be referred to in the few here summarized. 

Wires must not be of smaller size than No. 14 B. & S. gage (Rule 
16a) except in fixture work when they may not be smaller than 
No. 18 B. AS. gage (Rule 26w). This provision gives wires in 
branch lines sufficient mechanical strength and makes it possible 
to replace a lamp by any household appliance without overheating 
the wires. Flexible cords also must be stranded and not have 
smaller cross-section than No. 18 (Rule 54a). 
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After pasBing the last fuse on & branch line no set of small motors, 
small heating devices or incandescent lamps, whether grouped 
on one fixture or on several fixtures or pendants (nor more than 16 
sockets OT receptacles) may take more than 660 watts (Rule 23d). 
Certwn special conditions, however, are recognized in the same rule. 

Motor leads must be designed to carry a current at least 25 per 
cent, greater than that for which the motor is rated (Rule 8ji). 

222. Drop In Wiring. — On a constant-potential circuit it is im- 
possible to deliver to the current-using apparatus aa many volts 
as are found at the sending end of the line. The current must 
fiow through the resistance of the line wires and experience that 
drop in potential indicated by the product IR there. The volts 
delivered will be the volts at the sending end, less the line drop. 
In designing a line it is necessary to select some reasonable drop 
and determine what size the wire must be to satisfy the con- 
ditions. Custom demands that a line be designed for full-load 
conditions. 

The drop allowed varies according to the kind of apparatus used 
on the system and the kind of load carried. On incandescent 
lighting circuits the closest sort of regulation is required for satis- 
factory results and so the drop is made small. On a small installa- 
tion of a few lamps it might be 2 percent.; on a larger installation 
3 or 4 per cent. In a large building where the lights are not all on 
at once it might be 5 per cent.; putting 2H per cent, drop in the 
feeders, IH P^ ceai. in the mains, and 1 per cent, in the lamp 
circuits. 

The real drop varies with the current used; and so on a large 
installation the computed drop is never found. 

223. Calculatiiig Wire of Proper Size.^Ohm's law can be used 

directly and is as good as any rule for calculating wiring. From 

E 
R = J ve compute the resistance of the wire which gives the 

desured drop; then fmd what the resistance of 1000 ft. of this would 
be and thus find what size it is. The following example will make 
it clear. 

Wiresare lobe taken along a. route 135 ft. long to serve fifty ^-amp. 
ittcandescent lamps. The circuit is 110 volts, constant-potential, 
2 per cent, drop ia allowed. 
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The 60 lamps use 25 amp. 

fi = ^ T= 25 = 0.0808 ohm. 

This ia the resistance of 270 ft. of wire (135 ft. length of the route). 
Hence 

0808 
Resistance of 1000 ft. - - '^^q X 1000 - 0.299 ohm- 

This Ues between the resistance of a No. i and a No. 5 wire. No. 5 
will give a little more thaa 2 per cent, drop, No. 4 much lees. The 
carrying capacity of either size is abundantly great (see table). No. i 
would commonly be used. 



jL^ (jjn:;-^ ^p^'-d^ , 



Fig. 312. 

Very often the lamps are not bunched and the current is not 
delivered all at one place as in the above problem. In such casee 
the drop is figured to the center of distribution (c. of d.). The 
method is best illustrated by e^iample. 

In the above %UTe electroliers are placed at distances shown 
along a constant-potential line. At A the current is supplied; at 
B there are five J^-amp. lamps connected in parallel; at C another 
five; at D twelve; at E eight. 

6 lamps X 60 ft. = 300 lamp-tt. to B 
5 lamps X 72 ft. =■ 360 lamp-ft. to C 
12 lamps X 97 ft. ■- 1164 lamp-ft. to D 
8 lamps X 117 ft. = 936 lamp-ft. to E 

30 lamps 2760 lamp-tt. 

The number of feet to the center of distribution is found from -^- 
= 92 ft. If the line is for 115 volts and 1 per cent, drop is allowed 



15 
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The proper size is then No. 6 run all the way tlirough from Ato E. 
It will carry safely SO amp. and bo wUl not overheat. 

The method of calculating the distance to a c. of d. is to find a 
distance at which if all the lampB were placed, a drop the same as 
that demanded by the problem will be found. MvUiyly the 
number of lamps at each point by its distance from Ike feeding point. 
Add together the various prodvcte {lamp-feet) and divide the sum by 
the lotat cuTrent to be delivered. The quotient is the distance to the 
c. of d. (center of distribution). In a great many cases the c. of d. 
can be determined by inspection. Thus if three fixtures are placed 
at 15-ft. intervals along a line each carrying the same number of 
lights, the distance from the supply to the first being 45 ft., the 
distance to the c. of d. is 60 ft.; the same as that to the middle 
fixture. When it is specified that on a line the drop to the last 
lamp is to be a stated per cent, a calculation for proper wire to the 
center of distributbn will give the correct result. 

2U. Calculatioii by Circulat Mite Foimula. — ^A formula much 
used for computing wire size is the following: 

„. ., .. 20.74 XL XJ 
Circ. mils section = ^ 

in whioh E => volts drop in the circuit; I = amperes Sowing in the 
circuit; L = length of run of circuit in feet, or half the length 
of wire used. The number in the formula differs slightly in dif- 
ferent handbooks. It is twice the resistance of a wire having 
one circular mil section, 1 ft. long. 

The following shows that the rule is a correct one. The resistance 
of conductors varies inversely with their cross-section. Let R be the 
reeiatance per foot of a conductor it m proposed to use in a line whose 
cross-section in circular mils is X. Then 

R 1 y 10^ , , 

10.37 " X °' -^ ' It ^ ' . 

IF the wire is used as part of a lighting circuit 

Resiatance of the wire in ci rcuit _ R, 
" Length in feet of the wire in circuit " 2L 
E 
But ii, ■• -^ for the wire of the circuit. Hence 

"■ I^2L 2LI 
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Putting thU value of R in formula (a) 

„ 10.37 10.37 X 2LI 20.74 /.J 



The use of the formula may be illustrated by a problem. 

50 kw. of electrical power at 250 voICa is to be carried over a route 
190 ft. long with a drop of 2 volte. Find the proper cable to use 

20.74 X 190 X 200 
cm. - 2 

= 394,060. 

Use a 400,000-c.m. cable which is also able to carry 325 amp. and bo 
safe on carrying capacity. 

In many problems the number 22 can be substituted for 20.74 
and the calculations be made more easily while the size of wire to be 
used comes out approximately the same. On 1 10-volt circuits, for 
example, the denominator is often 2.2 which divides evenly into 22. 
lUustrations of this appear in later problems. 

226. Calculation of Complete System. — In a system including 
mains and branches it is usually necessary to select the drop 
allowed in the mains and in the branches in order that a total drop 
of given amount shall be secured. 

When the distribution is by the panel system, the calculation is 
simple; for the drop in the main is calculated to the panel board, 
and the branches are each figured separately. Thus suppose on a 
llO-volt circuit a main runs 150 ft. to a panel board, from which 
there are 10 branches each carrying lights which use 5 amp. 
Suppose one of the branches {A) measures 100 ft. to thee, of d. and 
another one (B) 60 ft. If a total drop of 3 per cent, is allowed. It 
may be wise to put 1 per cent, in the branches and 2 per cent, in the 
mains. 

The sizes would be determined thus: 

» - r.- ■! 22X150X60 „,,..-- 
Jlfain. — Circ. mils = — ■ „ „ = 75,000 

Use No. 1 wire (carrying capacity 100 amp.) 

09 y inn V "^ 
Branch d.— Circ. mils = ^^^ ^"^-i _ io,000 

Use No. 10 wire (carrying capacity 25 amp.) 
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Brancfc B.— Cire. mila. = ^^ ^^^ X J „ fioOO 
Use No. 12 wire (carrying c&pacity 20 amp.)- 
Other bi&nchee would be calculated in a corresponding way. 

Often the length of branch lines, or current used on them, or both, 
is so small that the mitumum 
size No. 14 must be used. In 
such case the calculation 
should be made by calculating 
the drop in the branches first 
and then putting the remain- 
der in the mains. The plan is illustrated in the next example. 

A main runs from the switchboard in the basement of a building to 
the second floor 35 ft., and then down a corridor serving rooms with 
lights as shown by Fig. 313. Each branch runs 25 ft. to a 0. of d. in a 
room where the use of current amounts to 4 amp. on a llO-volt 
system. On any branch the drop will be aa follows if No. 14 wire is 
used. 

R of eO ft. of No. 14, 0.125 ohm. 
E = /fi - 4 X 0.125 - 0.6 volt gone". 

If each branch line is made of No. 14 wire, for 2 per cent, drop in the 
system we may put 2.2 — 0,5 = 1.7 volta in the main which has a c 
of d. 170 ft. from the supply. The proper size for it is then calculated. 



22 X 170 X 48 

1.7 



arc. mOs = — ^^ — = 52,800 



Use No. 3 which has 50,000 cm. and will make the total drop slightly 
more than 2 per cent, (carrying capacity 80 amp,). 

226. Wire dze to D.C. Motors. — The calculation is made 
precisely as for lights except that the wire must be so selected that 
its carrying capacity is right for 25 per cent, overload while the drop 
is calculated for full load. Since a larger drop than for a lighting 
circuit is often permitted, the size in many cases is settled by the 
Code. It is important to remember that the current to a motor is 
that which will enable it to develop the power by which it is rated, 
allowing for its efficiency. The foUowing are conservative values 
of motor efficiency and apply at full load. 
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Hotnpoarer Effislcney 

H 60 

H 60 



60 90 



An example will show how to apply these values. 

A 6-hp. fjiunt motor ifl to be supplied with current from b 250-volt 
circuit. The length of run to the motor is 100 ft. and 3 per cent. 
drop is allowed. 

6 hp. = 6 X 748 = 3730 watts developed 
3730 -5- 0.80 = 4162 watts must be supplied at full load 
4162 -I- 250 = 16.6 amp. 

« =• ^ - 0.452 ohm in 200 ft. of wire 

or 2.26 ohms per 1000 ft. This is slightly mora than the renstance 
of No. 13; butNo. 12 must be used as the nearest trade size available. 
At 25 per cent, overload the motor takes 20.7 amp. and No. 12 is just 
able to carry this if insulated with rubber. 

227. Three-wire System Wiling. — Three-wire lines are widely 
in use in distribution systems but they are usually carried only as 
far as the mains run. The branch lines for lights are two-wire; 
tapped either to positive or neutral, or to neutral and negative. 
Motor lines, except for very small motors, are two-wire lines from 
positive and negative, 

The two-wire branch lines are calculated by methods already 
explained. Some preliminary statementH will make clear the 
method of calculation given in the next paragraph. If one 
hundred J^-amp. lamps were connected in parallel on a two-wire 
system, 50 amp. will Sow in each line. If the same lamps were con- 
nected on a three-wire system as a balanced load, only 25 amp. will 
flow in the positive and negative and none in the neutral. This 
would make the three-wire positive and negative lines half the 
section (double the resistance) for the same drop as in the cor- 
responding two-wire line. But the per cent, drop is properly kept 
, the same for the same results at the lamps, and in the three-wire 
system the line voltage is doubled. Hence when the hundred 
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lamps are put on a three-wire line the section of wire to use in 
poutive and negative is only quarter as much as whea they are 
connected to a corresponding two-wire line. Take 110-volt 
lamps and note the following for the above. The main is 200 ft, 
lor* and 2 per cent, drop is allowed. 

two-wire line three-wire line 

_ 22 X 200 X 50 ^ 22 X 400 X 25 

= 100,000 = 25,000 

In calculating mains, therefore, select the per cent, drop and find 
the c. of d. as for a two-wire system. Count the lights to be 
supplied and use half the current they take on a two-wire line in 
the calculation. The number of volts lost is the proper per cent, 
of the voltage from positive to negative and not that each lamp 
receives. After finding the proper size select the neutral. TJsu- 
aliy it is the same section as either main, but occasionally it is twice 
the section of either of them. Consideration of a diagram will 
show that the amount of current flowing 
in the neutral might be as much as in 
positive or negative. One case would be 
when the lights on one side only are in 
use. If there is a chance that the system 
might be sometime supplied from a sin- 



J± 



H 



Fig. 314. gle dynamo the neutral must be double 

the section of the other wires or the drop 
on the system will be abnormal. Fig. 314 showB how this would 
be. As a three-wire system no current would flow on the neutral 
when six >^-amp. tamps were in use, but when used two-wire, 3 
amp. flow in it. 

From a certain panel board there are auppUed on 20 two-wire lines 
one hundred and twenty 25-watt lamps. The mun is three-wite 
from a 250-volt supply (125 volts each side). Two per cent, drop is 
allowed in it. It is brought over a route 180 tt. long. 

On a balanced load 12 amp. would flow in positive or negative. The 
size is then determined by 

20.74 X ISO X 12 „„.„ 
Cire. mils = "" = = ^959 
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No. 10 wire will be right. The neutral may be No. 10 for three-wire 
requiremente or No. 8 (better No. 7) if a change over to two-wire dis- 
tribution is anticipated. 

228. Special Notes on Wiring. — It will have been inferred from 
the various problems and discussion of wiring preceding this, that 
in making calculations no account ia taken of switch or fuse resist- 
ance or of fixture wiring. They are all assumed to be so small 
that they may be neglected. 

On branch lines arrangements should always be made to use no 
wires larger than No. 12 if there is need of clamping them under the 
terminal connections of switches, cutHjuts, receptacles, etc. Such 
terminals are not adapted to carry larger wires. 

To facilitate changes in' wiring to meet necessary conditions 
including the cost of wiring the following should be not«d. 

(a) The drop on a line is doubled if the section of the wire UBed is 
halved. 

(tf) If the length of a run is altered, the section of wire must be 
changed in the same proportion to keep the drop unchanged. 

(c) A change in the e.m.f. used on a line will for the same per 
cent, drop change the necessary section of wire in inverse propor- 
tion to the square of the e.m.f. used. Thus, if we use 220 volts 
rather than 110, the section of wire used may be made one- 
quarter as great for the same watts supplied. 

(ff) When the calculated size comes halfway between two com- 
mercial sizes, one leg of the circuit may be run of one of these and 
the second of the other. The trouble involved in taking two reels 
of wire to a job, however, usually makes this plan undesirable. 

It may be well at this point to call attention to the fact that the 
method used in calculating c. of d. for lights may be applied to 
circuits on which there are motors or any industrial appliances. 
The plan is simply to substitute ampere-feet for lamp-feet in the 
calculation and work the problem as in section 223. 

229. Central Station Lines.^Such lines are not usually calcu- 
lated as are those for indoor circuits. On some parts of the system, 
as in a network (see section 77) where all customers are to be 
supplied with the same voltage, the drop must be kept low and 
the lines would be figured for small loss but not for full current 
demand of connected apparatus. Experience shows that not 
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nearly all the connected load is ever in use on even a single part of 
a network. On feeders, engineering questions of cost of the invest- 
ment and value of the power lost must be considered. Constant 
potential on the network is maintained by regulation at the station 
to procure the proper value at "feeding in" points. Other books 
must be consulted for methods of procedure. 

230. Railway Wiring. — Railway wiring is harder to calculate 
than that for lighting, since the location of cars and amount of 
current demand is not only shifting but irregular. The problem 
is similar to central station distribution in that considerations of 
value of the investment, etc., are involved. The trolley wire or 
third rail is planned largely with a view to wearing qualities and 
strength. When using a method of distribution like that shown 
in Fig, 95 some companies plan each section by placing cars in the 
most unfavorable position, calculate the curreDt for each, and 
arrange the length of section so that maximum permitted drop 
occurs, using one standard size of feeder. 

The track return and bonding along the track must be planned 
so that the drop there shall be so low and so distributed that cur- 
rent in dai^erouB amounte does not flow in, to, or from under- 
ground pipes or cable sheaths. Supplementary copper return 
feeders are often run in lai^e systems. 

Car wiring is commonly planned with a view to adequate 
current-carrying capacity and mechanical stretch. The drop is 
too small to count. 

231. Wiling of Series Circuits.— Arc lamps and many incan- 
descent-lamp circuits for street lighting are series circuits as 
already outlined in sections 135, 211, 215. On a series circuit the 
light in the furthest lamp is as bright as one near by without regard 
to the drop in the line. Wires are therefore selected mainly for 
mechanical strength, that is, to stand through winter storms. 
No. 8 or 7 or 6 wire is commonly used. 

232. A.C. Wiring — GeneraL — At the beginning of Chap. X it 
was shown that Ohm's law did not hold for altematii^;-current cir- 
cuits, and since the whole plan of calculation of wiring outlined 
in this chapter is based on Ohm's law it is important to see 
whether any of it can be used when the current flowing over line 
wires is alternating. 
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Every A.C, line has inductance since it forms a loop and when 
the current is varying in it the flux through and around it is vary- 
ing. Every one has also a property known as capacity (ability to 
hold charge) which it has been unnecessary to discuss in this book. 
The inductance of a line is greater when the wires are separated; 
the capacity Is greater when they are close together. Unless either 
or both these properties and their effects are so small that they 
can be neglected, an entirely new method of calculation must be 
set forth. Such things cannot be neglected in the design of long, 
heavy or high voltage lines. The engineering problems involved 
in their design are complex and will not be taken up here. 

When A.C, flows through a wire the current is not evenly dis- 
tributed over its section, but ia stronger toward the surface. 
This effect is known as the skin effect. At usual frequencies 
and for conductors less than >^ in. in diameter it need not be 
counted. , 

Keeping to the consideration of lines no longer than those used 
in ordinary house and factory 
distribution, calculation will 
be easy when a number of de- 
tails have been explained. 

233. Sinf^e-phasc Wiring. 
— In A.C. wiring the volts 
lost in a line and "the drop" , 
are not necessarily the same. 
By the drop we alwaj^ mean "" °Fio 315 

the difference between the 
volts on the load and those supplied at the sending end of the line. 

In section 118 it was shown how two e.m.fs. in the same circuit 
combine to give a total which may or may not be the same as that 
amount secured by adding them together. In a circuit made up 
of connecting wires and apparatus, the e.m.f. on the apparatus and 
that used to send current through the line are such. Fig. 315 
shows how they may relate. It is clear that the volts gone in the 
line are more than the difference between total applied volts and 
volts on the load. As a connected load becomes more inductive 
the diagram of this figure would change by point c moving counter- 
clockwise around b. If the load is non-inductive it moves further 




".oogle 



354 APPLIED ELECTRICITY fChap. XVm 

around clockwiee and the line be may simply be an extenBioD of 
ab. In this connection it is well to remember that the current in 
the wires and the load has the same amount everywhere at a given 
instant. The current has the same phase all the way around. 

As already suggested, in ordinary house and factory wiring the 
troubleBome factors in line calculation may be neglected. Con- 
sider the following problems. 

A feeder following a route 60 ft. long eerves a panel board to which 
incandescent lamps are connected, using 15 amp. on branch circuits. 
The supply is from a llQ-volt, 60-cycle A.C. line and 2 per cent, drop 
is allowed. 

)_X 16 
2.2 



Circ. miU - — -.f^ — - 9000 



If D.C. current were used No. 10 wire would be right (carrying ca- 
pacity 25 amp.). For A.C. the same siae will be right because lamps 
are non-inductive and the special properties of tbe line are too small 
to influence the result. The use of 22 in formula rather than 20.74 
and the choice of a wire having 10,000 rather than 9000 circ. mils will 
much more than compensate any A.C. effects. 

A 5-hp. single-phase, 2S0-volt, 60-cycle, A.C. motor which operates 
at full load on a power factor of 0.7 is to have the wiring for it cal- 
culated. The line runs 135 ft. and 2 per cent, drop is allowed. 

5 hp. X 746 = 3730 watts 

0.80)3730 watts developed 

0.7)4662.5 watts supplied 

250)6660 volt-amp. supplied 

26,6 amp. fulHoad current to motor. 

^. ., 22 X 135 X 26.6 ..^^ 
Circ. mils — y— = 15,800 

This indicates No. 8 wire (carrying 35 amp.) which is good for a 25 
per cent, overload, and this should be used for tbe reasons stated in the 

previous problem. 

As the size of the wires required for transmission get larger the 
possible inaccuracy of a result thus computed increases. On wires 
larger than No. 4 it is well to install one size larger than calculated; 
and when a calculation shows a need for wires larger than No. 
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an exact calculation should be made taking account of tbe various 
factors properly. 

234. PolyptuBe Wrins.— The methods to use in calculating the 
proper size of wire to use on polyphase lines are stated below and 
their truth illustrated. In all the illustrations lamp load is 
assumed. The principles hold in such a way that if the proper 
size to carry the load single-phase has been detenuiaed (by exact 
methods if necessary, not given above) the proper size for poly- 
phase distribution may be deduced by using the methods following. 

To calculate the proper wire size {or «mgU-phme diatribuUon 'proceed 
as for D.C, work. 

niuBtrations are given in the preceding section, or by the following. 
The drop is made very large to make relations clear. 

Twenty-four amperes are sent over a 500-ft. line of No. 7 wire (J^ 
ohm per 1000 ft.) with a drop of 12 volta (Figs. 316 and 317). 
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The proper wire size for iwo-'phase diitribuUon using.a fouT-wire 
line is obtained by giving each wire half the cross-section it would 
have for an equivalent single-phase distribution. 
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A four-wire two-phase line is shown above (Fig. 31S) for the same 
lot of lamps as on the single-phase line. In order|to fulfil the conditions 



".oogic 



356 APPLIED ELECTRICITY [Chap. XVUl 

No. 10 wire (1 ohm per 1000 it.) must be used, which has half the 
croBB-aection of No. 7. 

The proper size wire for two-phase three-wire lines is secured it 
each wire is given half the section required for the equivalent single- 
phase distribution. 
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Fig. 319. 

A three-wire two-phase line is shown above (Fig. 319) for the same 
lot of lamps as on the single-phase line. In order to fulfil the condi- 
tions No. 10 must be used. 

The current in wire 6 ia made up of that in a and that in C combined. 
They have 90° difference of phase with each other and so the current 
in b is 45° out of phase with either one (see Fig. 187 and principles in 
the paragraph which contains it). The following figure (320) there- 
fore represents, the conditions, numerical values beii^ derived thus: 
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The proper wire size for three-phase three-wire lines with meab 
connection ia secured if each wire is given half the cross-section 
required for the equivalent sii^le-phase distribution. 



fuw 



|ioo 



Fio. 321. 

The same lot of lamps as before are here shown (Fig. 321) redistrib- 
uted for a three-phase line. We will make it No. 10 wire and find 
that the drop comes as marked. , 

For reasons which it ia unneceBsary to restate, the current in the 
lines a, b, a are the amounts marked and are out of phase with the 
currents as in X, Y and Z. The current in a ia made up of that in X 
and Z, combined as in Fig. 204. Tliis causes the volts gone in a to be 
out of phase with those in X and still 'more out ot phase with the 
volts gone in b. The relations are shown in Rg. 322 below. 



— 100 TdIU Applied— 



1^ 



— SaV.DroplnLampi X 

Fia. 322. 

Voltfl gone m a or t» - H ohm X 1-73 X 8 - 1.73 X 4 - 6.84. 
It ean be shown that in a triangle like tnno the side mo is 0.866 the 
length of the side mn. Hence 

mo = 1.73 X 4 X 0.886 = 1.5 X 4 - 6 volts 
whea mo and pq are subtracted from the whole length mq (representing 
100 volts of apphed o.m.f.) we get 

100 - 13 = 83 volts = length nr =■ drop m lampa X 

The proper size wire for tkree-phase four-wire lines with star 
connection is secured if each wire is given one-sixth the cross-sec- 
tion required for the equivalent single-phase distribution. 
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On the line a (Fig. 323) the drop to the Deutral N B.td through the 
lamp is 100 volts. If SS of thia b on the lamp, 12 volts is lost in the 
Lne a. The resistance of line con then be obtained. 



Resistance and cross-section of conductors vary inversely. 
was «sed for single-phase distribution. Hence 

fl of 500 ft. No. 7 section of wire to use 

fl of 500 ft. of wire to use " sectioQ o( No. 7 

0.25 section of wire to use 



section of No. 7 
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Multiplying numerator and denominator each by H we have 
H section of wire to use 
1 section of No. 7 

The neutral is made the same size as the others since on unbalanced 
load it may carry as much current as any of them. 

QUESTIONS AND PROBLEMS 

1. (a) Starting from No. 0000 with a diameter of 0.46 in., and 
using the multipher given in section 216 find the exact diameter of 
No. 00 wire, (b) Calculate the circular mil section of No. 00 from its 
diameter, and compare with the cross-section given in section 217. 

2. A certain alloy wire has a cross-section of 225 cm. and a resist- 
ance per foot of 2.16 ohms. Another wire of the same alloy has a 
diameter of 0.03 in. What is its resistance per foot? 

9. Using the formula in section 21? for calculating B per 1000 ft. 
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calculate the resistance per 1000 ft. of No. 10 copper wire having 97 
per cent, conductivity. 

4. Calculate the sectional area of a cable made up of 91 wires each 
No. 14 in size. Calculate the resistauce of 1000 ft. of this cable. 

6. (a) How could the resistance of a cable made of 61 No. 8 wires 
compare with that of one made of 192 No. 16 wires? Negleotany 
eflect of spiralling the layers. (6) Would you select a No. 000 wire or 
a cable of 37 No. 13 wires in preference for low resistance? 

6. Calculate the proper size of wire to use for each of the followii^ 
cases. Remember that drop, heating or size permitted by the Code 
may determine the answer. The incandescent lights in each case 
take J^ amp.; the circuit is 110-volts D.C: constant-potential. Use 
Ohm's law method. 

{a} 40 lamps 100 ft. away (200 ft, of wire), no more than 1 per cent. 
drop allowed. 

(6) 60 lamps 20 ft. away, 3 per cent, drop allowed. 
(c) 4 lamps 80 ft. away, 2 per cent, drop allowed. 

7. A certain line is to be carried along a route 125 ft. long (250 ft. 
of wire) to supply a lot of one hundred J^-amp. incandescent lamps, 
(a) Calculate the proper size of wire for 1 per cent, drop, the system 
being 110 volts D.C. (6) What size for 2 per cent, drop? (c) For 3 
per cent, drop? (d) For 4 per cent, drop? [Work part (o) by cm. 
formula. Other parts by inspection of this answer and writing down 
the result.] 

8. A certain main carries 60 amp. at 100 volts D.C. The line fol- 
lows a route 400 ft. long and is of No. 1 wire. How many volte at the 
receiving end? How many per cent, drop? If the distribution were 
changed to 200 volts and the same power transmitted, what size wire 
tor the same per cent, drop? Does this verify the statement under 
c in section 228? 

9. The mains from a 100-kw. dynamo at 125 volts D.C. are allowed I 
volt drop to the switchboard. What size wire must be used? 50 ft. is 
the length of run from machine to switchboard. Note that if the 
necessary weight of copper used be alone considered, it will be more 
economical to use two cables in parallel for each lead. 

10. A large electroUer over the center of an Auditorium has in it 52 
lights (H amp. each). The stem of the electroher is 30 ft. long. No. 
10 wires pass through this. The route of the line is across the attic 
and directly down to the switcl)board in the basement 125 ft. What 
size of wire shall be used to limit the total drop to 3 percent.? Take 
the resistance of the wire ja the fixture stem into account, the supply 
beii^ 115 volts D.C. 
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11. F^ve 5-amp. enclosed constant-potential D.C, arc lamps are 
placed along a station platform 25 ft, apart. They are supplied from 
110-volt D.C, mwna through a switch in the station 60 ft. from the 
first lamp. What size ot wire shall be used for 2 per cent, drop? 

12. Id a certain mill the wiring is exposed on knobs. A 250-Volt 
D.C. circuit is in use. A line is to be run to a 50-hp. motor 400 ft. 
Four per cent, drop maybe allowed. What size of wire shall be used? 

13. A run of wire is taken 200 ft. to a panel board from which 
there is supplied a 2-hp. motor, five 5-amp. arc lamps, and fifty >^- 
amp. incandescent lamps. The circuit is 110 volts D.C. and 2 per 
cent, drop is allowed in this main. What size of wire shall be used? 

14. Two ventilating motors are in the attic of a thrCe-etory building. 
Each one is for 2 hp. and they are supplied through a panel board in 
the attic from which to one motor it ia 10 ft, and to the other 25 ft. 
by the route the wires take. From switchboard in the basement to 
the vertical run is 40 ft.; vertical run is 80 ft.; distajice in attic to 
location of panel board is 40 ft. Calculate the wiring for these motors 
on the basis of 4 per cent, total drop on a 110-volt D.C. circuit. 
The wiring ia in conduit, 

16. A certain auditorium ia wired as shown. M is a main which 
runs through a distant control switch to the main switchboard. The 
whole distance is 160 ft. to the first 
branching point x. a, b, c, d, e, f, repre- 
sent some of the branches. There are 
M 10 on each side. The main M is carried 
exposed beneath the floor equally distant 
from both sides of the room. At each 
branching point like X is a double branch 
culHjut. Branch lines run exposed to the side walls and then turn up 
in conduit to side brackets at aii average height of 15 ft. from the floor. 
The room is 60^ft, wide. Each side bracket has five J^-amp. lamps. 
The circuit is 110 volta D.C. Calculate the wiring, using 3 per cent. 
total drop to the lamps. (Make branches of No. Hwirefor astart.) 

16. A certain three-wire D.C. feeder from central station service 
runs 240 ft, to a panel board. The line is 120 volts on each side. 
There are one-hundred and eighty 4Q-watt faicandescent lamps and 
three 2-hp. motors supplied over it. The hghts are on two-wire 
branches as a balanced load. The motors are across the outside 
lines. Calculate the wires tor 2 per cent, drop and choose a neutral 
of such size that if the hghts on one side were all on and others off the 
distribution, would be satisfactory. 

IT. Sisty 100-watt Mazda lamps are supplied from a panel board on 
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two-wire branches ia an industrial building. The feeder supplying 
the panel board is three-wire Hingle-phase A. C. at 60 cycles the feeder 
being connected to the transformer as here 
shown. Calculate the proper size for 2 per 
cent, drop, the length of run being 160 ft. 

18. One hundred and forty-four 40-wstt 
Mazda lamps are supplied from a panel 

board on two-wire branches in an industrial building. The feeder 
supplying the panel board is four-wire two-pbaae A.C. at 60 cycles, 
the volts on each phase at secondaries of trans- 
formers is 120 volts, the connections being as 

_I I shown here. Show by diagram some proper 

— 2 panel board connections for two-wire branches 

'~i' ' and calculate proper sine of wire for the feeder 

at 2 per cent, drop and 100 ft. length of run. 

19. One hundred and twenty 40-watt Maada lamps are on two-wire 
branches in an industrial building. , The load is balanced as nearly 

possible. The feeder supplying the panel board 

is three-wire two-phage A.C. at a frequency of ^T 

60. The volts on each phase at secondaries c 

transformers is 100, the connections being a 

shown here. Show by diagram some proper 

panelboard connections for two-wire branches 

and calculate proper sise of wire for the feeder at 2 per cent, drop, 

the length of run being 90 ft. 

20. A ID-hp., 220-volt, three-phase induction motor has an efg- 
ciency at full load of 85 per cent, and a power factor of 0.8. It is 
served by a three-wire line which runs as exposed work on knoba over 
a route 120 ft. long. What size of wire for it when a fulMoad drop of 
2 per cent, is permitted? What current flows over each wire? 

SI. A lot of one hundred and forty-four 40-watt incandescent 
lamps are supplied on two-wire branches from a four-wire three-phase 
system with transformer secondaries star-connected. One hundred 
and twenty-volt lamps are used arranged as a balanced load. Cal- 
culate the size of wire to use for 2 per cent, drop. What current 
flows over each wire. The length of the run is 100 ft. Compare 
the result with that in problem 18; and for a check make a direct 
calculation. 

33. A series A.C. circuit contains fifty 170-watt 7.S-amp. incandes- 
cent lamps for street lighting. If the line is served from a tub trans- 
former and is 18,000 ft. long of No. 8 wire, what volt^e at transformer 
terminals when all the lamps are burning? 
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Alternating current, alternation 
defined, 165 

ftltcmatora, 224-243 

circuit e.m.f,, 171 

compared with direct cur- 
rent, 161 

cycle defined, 165 

defined, 2 

difFerence in phase explained, 
165 

effective value of, 166 

frequency of, explained, 165 

fundamental ideas, 162 

law of current fiow, 167 

maximum value, 163, 167 

motors, 246-272 

period of, explained, 165 

phase of, explained, 165 

power, 182 

principles, 161-1S7 

producing e.m.f. of induct- 
ance, 174 

relations between applied 
e.m.f., current, etc., 179 

representing it by curves, 
163 
by lines, 16S 

transformers, 191-208 

wave shape, 164 

wiring calculations, 362-358 



Alternation of alternating eur- 

■ renf, 165 
Alternators, constant potential 
machines, 229 
frequency of e.m.f. in, 228 
generation of e.m.f. in, 224 
Operating in parallel, 238 
stationary armature, 230 
three-phase armature wind- 
ing, 236 
two-phase armature winding, 

232 

wave shape of e.m.f. in, 228 

Aluminum valve, 310 

Ammeter, alternating-current, 

241 

defined, 3 

method of operating, 107 
on dynamos, 07 
Ampere, 2 

milampere, 3 
Ampere-hours, storage battery 
capacity in, 262 
storage battery efficiency in, 
299 
Ampere turns, 33 
Applied e.m.f,, 17 

A.C., defined, 171 
relations between A.C. and 
current, 179 
Arc chute, 137 

light, carbon arc, 321 
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Arc light, defined, 313 
flame arc lamp, 327 
forms of carboD art 






magoetite arc lamp, 329 

typical mechaniams, 323 

Armature, D.C, amount of 

e.m.f. generated in, 5! 
conatniction, 43 
cores, 42 

generated e.m.f. in ring, 43 
multipolar, 60 
neutral line for bnishee, 8 
ring armature conBtruction, 

43 
toothed core, 69, 64 
Armature, A. C, amount of e.m.f. 

generated in, 225 
corea, 226, 227, 231, 235, 

237 
Armature reaction, in alterna- 
tors, 230 
in D.C. dsruamos, 40 
of D.C. motors, 128 
Armature winding, A.C., coil 

winding, 226 
distributed winding, 228 
single-phase alternator, 225 
stationary forms, 230-237 
three-phase alternator, 236 
two-phase alternator, 232 
Armature winding, D.C, barrel 

winding, 70 
drum for two-pole dynamo, 

57 
lap-winding, multipolar, 61- 

66 
ring-winding, 45 
wave-winding, multipolar, 

67-69 
Automatic motor starter with 

solenoid, 137 



Automatic overload releSse motor 

starter, 135 
Auto-transformers, 206, 309 



B. & a gage, 9, 335, 338 
Back e.m.f., 18 
Ballast in arc lamp, 324 
Battery storage [ (see Storage 

battery), 287, 288 
Bearing, dynamo, 65 
Blow-out coil, 138 

magnetic, 105 
Bonds, in railway track. III, 113, 

352 
Branch circuits, alternating-cur- 
rent, 187 

division of D.C. in, 155 
Brushes, dynamo, 47 

function of, 49 

on alternators, 226 

on multipolar dynamos, 63, 
68 

on aingle-phftse motors, 271 

on synchronous converters, 
277 
Brush holders, 48 
Buckling of storage batteries, 300 
Busbars, D.C. switchboard, 97 

A. C. switchboard, 239 



Cable, wire, 336 
Candlepower defined, 313 

horizontal, 314 

mean spherical, 315 
Capacity of dynamos, 82 

of storage batteries, 289, 292, 
297 



Carbon, brushes, 47 
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Carbon, incandeecent lamp fila- 
ment, 315 
Carbons, conBtruction of, for arc 

lamps, 321 
Center of diatribution in wiring, 

345 
Charge in storage batteries, con- 
dition of, 296 
process of putting in, 298, 

305-310 
what it is, 288 
Charging storage batt«ries, by 
aluminuni valve, 310 
by mercury arc rectifier, 308 
by vibrating contact rec- 
tifier, 309 
constant-current method, 
305 
-potential method. 307 
from D.C. shunt dynamo, 
307 
Circuit breakers, construction, 
etc., 103 
location on switchboard, 101 
on railway work, 114 
on storage battery circuit, 
308 
Circuit, electric, branched, divi- 
sion of D.C. current in, 
156 
branched, in A.C. work, 187 
closed and open, 6 
constant-current, S8 

-potential, 89-116, 303 
distributing, 103 
explained, 5 
finding polarity, 115 
high voltage, 203 
live, 90 
series multiple and multiple 

series, 7 
short (see Short circuit). 



EX 365 

Circuit, three-wire, 109, 203, 349 

two-wire, 89-108, 201, 340 
Circuit e.m.f. (A.C), 171 
Circuit, magnetic, 34 
Circular mile, defined, 335 
Clutch of arc lamp, 324 
Combined resistance, 13, 150 
Commutation, D.C. dynamos, 
49 
D.C. motors, 128 
Commutator, construction, 43 
Compound dynamo, compounded 
fiat, 99 
field winding, 52 
in parallel with another, 

performance, 96 

-wound D.C. motors, 130 
Conductivity of copper wire, 337 
Conductor, extunples and defini- 

Constant current, A.C. trans- 
formers, 205 
arc lamp for, 325 

distribution, 88 
Same arc lamp for, 328 
magnetite arc lamp for, 329 
Constant potential, alternators 

for such circuits, 229 
arc lamp for, 323 

in series on, 326 
arrangement of circuits, 89 
charging storage batteries 

by, 307 
dynamos for, 94 

flame arc lamp for, 328 
magnetite arc lamp for, 329 

network, 108 
Contactor, 141, 147 
Controller, for motors, 143 
Copper wire (see Wire), 
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Core type transformer, 192 

Counter e.m.f., 18 
Current, electric, 1 

altematinig, defined, 2, 161 

combined in three-phase 
By stem, 216 
in two-phase system, 212 

direct, de6ned, 2 

dividing in branched D.C. 
circuits, 19, 155 

effective value of A.C., 166 

effects of, 3 

beating effect of, 79, 166 

interrupted, defined, 2 

kinds of, 1 

magnetic effect of, 29 

normal for storage battery, 
297 

oscillatory, defined, 2 

relation to applied alter- 
nating e.m.f., 179 

starting for D.C. motors, 
132 

taken by D.C. motor, 122 

unit of, 2 

wattless, 1S5 
Citt-out, 91 

film, for series-lighting cir- 
cuit, 331 

in arc lamp, 325 
Cycle, of A.C., 165 

D 

Dash pot, 138 

Degrees of phase difference, 170 

Delta connections, three-phase 

A.C., 218 
Diagrams, examples of making, 

4, 5 
Difference in phase of A.C. aa an 
angle, 170 



Difference in phase of A.C, 
between current and 
e.m.f. of inductance, 
175 
defined, 165 
Difference of potential, 21 
Direct curreut, defined, 2 
dynamo e.m.f,, 40-55 
motors, 119-147 
systems of diBtribution, 88- 
U6 
Distributing conductors, lOS 
Double-current generator, 283 
Drop of potential, 21 
in A.C. lines, 353 
in wiring systems, 94, 344 
Drum armature winding, e.m.f., 
in multipolar, 70 
for multipolar dynamos, 61, 

66 
tor two-pole dynamos, 57 
Drum armatures and multipolar 

machines, 57-71 
Drum controller, 143 
Dynamo armature, 42 
construction, 43 
core, 42 
bearing, 65 
capacity, 82 
efficiency, SI 
frame, 65 
Dynamos for constant potential 
systems, 94 
compound D.C, 96 
equalizer for, 99 
shunt D.C, 95 



Economizer in flaming arc lamp. 
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Eddy current lose in A.C, trans- 
foimers, 193 
in armature cores, 82 
Effective e.m.f., 167 

in alternator, 225 
Efficiency, 77 

of dynamos, 81 

of electric light, 314 

of flame arc lamp, 328 

of incandescent electric 

lamp, 319 
of magnetite arc lamp, 329 
of motors, 128, 349 
of storage batteries, 299 
of transfonnera (A.C), 200 
Electric flat iron, 84 

hot plate, 84 
Electric heating; electric power, 

73-85 
Electric ligbte {»ee also arc light or 
incandescent electric light}, 
313-332 
Electrolyte, 287 
Electromagnet, 29 
Electromotive force and Ohm's 
law, 16-24 
A.C. effective value, 167 
acting, 18 

advantage of high, 191 
amount generated in alterna- 
tor, 225 
in coil, 159 
in dynamo, 51 
in transformer, 198 
applied, 17 

combined in three-pha: 
system, 215 
in two-phase A.C. system, 
211 
direction in which gener- 
ated, 40 
dynamo D.C., 40 



ieA.C. 



EX 367 

Electromotive force and Ohm's 
law explained, 16 
for constant-potential cir- 
cuits, 93 
generation of, 40, 157 
in series and parallel, 18 
maximum value of A.0,, 163 
motor, direction and 

amount, 121 
of counter cells, 303 
of lead cells, 296 
of nickel-iron cells, 302 
representation of A.C. by 

lines, 168 
resultant (A.C), 176 
two dynamos in parallel, 156 
unit of, 17 

Element, of storage battery, 290 

Enclosed arc lamp, 322 

End cell switch, 303 

Energy defined, 73 
electrical, SO 
examples of transformation, 

75 
in storage batteries, 292 
lost in transformation, 75 

Equalizer, 99 

Exide battery plates, 294 



Fall of potential, 21 
Fault, 111, 153 
Faure battery plates, 204 
Feeders on constant-potential 
system, 108 
regulators for (A.C), 207 
size for railway, 352 
to railways, 111, 112 
Field cores, 36 
excitation, 52 
of alternators, 228 
rheostat used with, 53 
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FUt iron, 84 

Flux, magnetic, direction of, 30, 
32 

e.m.f. generated by change 
in, 157 
hy cutting, 40 

explained, 30 

intensity, 33 

leakage, 36 

saturation, 33 

skewed around in armature, 
50 
Force, 73 

Frame, dynamo, 65 
Frequency of A.C., 165 

produced in alternators, 228 
Fundamental principles, 1-14 
Fuses enclosed, 92, 93 

installation, 91, 341, 342, 344 

plug, 92 

purpose and construction, 85 



Gassing of storage batteries, 300 
. Generators, three-wire {see also 
Dynamo and alternator), 
284 
Grid, storage battery 294 
Grounds, 154 

on distributing lines, 116 

H 

Heat, electric, 83 

energy, 76 

explained, 76 

mechanical equivalent of, 77 
Heater, electric, 83 
Heating, of wires in distribution 
circuits, 342 

effect of current, 79 



High voltage, revolving field pre- 
ferred with, 232 
transmission, 191, 203 

Horizontal, cp., 314 

Hot plate, 84 

Hydrometer, 289 

Hysteresis, defined, 36 

loss in A.C transformers, 193 
in dynamo armatures, 82 

I 

Impedance change with fre- 
quency, 187 
defined, 167, 180 
relation to other quantities, 
182 
Incandescent electric lamps, fea- 
tures of construction, 316 
filaments, 315 
gas-fiUed, 318 
performance of, 319 
special forms, 318 
Incandescent electric hght de- 
fined, 313 
Inductance defined, 173 

e.m.f, of, 174 
Induction motors (see Polyphase 
induction motors), 
voltage regulator, 283 
Insulation, breakdown, 154, 196 
grounds, 116 

A.C. transformers, 196 
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resistance, 152 
Insulators, examples and defini- 
tions, 4 

resistance of, 154 
Interpoles, on D.C. motors, 126 

purpose of, 127 
Inverted synchronous converter, 
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Lag. A.C. current, 165, 185 

current in synchronous mo- 
tor, 260 
reacting in alternator, 230 
Lap-winding, multipolar drum 

armatures, 61 
Lead, of A.C. current, 165 

current in syuchronoua 
motor, 250 
Life of incandescent electric 

lights, 315, 319 
Light, electric, 313-332 
carbon arc, 321 
lamp mechanisms, 323 
lamps, 322 
construction of incandes- 
cent lamp, 316 
flame arc lamp, 327 
gas filled incandescent 

lamps, 318 
incandescent lamp fila- 
ments, 315 
magnetite arc lamp, 329 
performance of incandes- 
cent lamps, 319 
production of, 313 
special forms of incandes- 
cent lamps, 318 
terms used in explaining, 314 
Lines of force, 28 
Load, 97 
Lumen, 314 

M 

Magnetic blow-out, 105 
circuit, 33, 34 
effect of current, 29 
field, 28 
flux, 30 



Magnetic force, 27 

rotating field, 252 i 

Magnetization of iron, 32 
methods, 37 
molecular, 37 
Magnetized bar, 27 
Magnet bar, 28 , 

needle, 27 
M^:nets and magnetic flux, 27-38 
Mains, 89, 341, 347 
Mania lamps, 319 
Mean spherical candlepower, 315 
Megohms, 9, 152 
Mercury arc rectifiers, 308 

for series-lighting circuits, 
332 
Mesh connections, three-phase, 

A-C, 217 
Motors, A.C. polyphase induc- 
tion, 246, 262-262, 267 
single-phase induction, 246, 
248, 249 
series commutator, 246, 
247 
synchronous, 246, 248-252 
converters, 246, 275-280 
Motors, D.C., armature reaction, 
128 
commutation, 128 
compound-wound, 126 
current received, 122 
efficiency, 128 
e.m.f., 121 
general facts, 119 
interpole, 126 
ratings, 129 
reversing motor, 121 
rotative pull, 120 
series motor on constant- 
potential circuit, 124 
series motor, speed changes 
with, 125 
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Motors., D.C., ebunt in special 
uses, 124 
operating on conBtant> 

potential circuit, 122 

Bpeed changes with, 123 

speeds of driven apparatus, 

131 
starting connections, 134 
Motor startere, A.C. 

general principles, 262 
with reduced voltage, 263 
with resistance in rotor cir- 
cuit, 266 
with star-delta switch, 266 
Motor starters, D.C., automatic 
overioad release, 135 
uiitomatic starter with solen- 
oid, 137 
construction of, 135 
control of starting current, 

132 
current limit starter, 140 
drum controller, 143 
no voltage release, 133, 134 
reversing, 140 
time limit, 138 
Multipolar, A.C, e.m.f. gener- 
ated in, 225 
examples of, 234, 237 
required by frequency, 228 
Multipolar, D.C., armature core, 
60 
drum lap-winding, 61 
drum wave-^winding, 60 
e.m.f. generated in, 70 



National Electrical Code, ex- 
plained, 339 
heating allowed in wires, 



National Electric Code rules 
in simple installations, 
343 
Negative defined, 16 
box, 294 

of Edison cell, 301 
of storage battery, 287, 204 
side of circuit, 109 
Network, constant potential, 108, 

110, 201 
Neutral, line of dynamo, 4S, 70 
of three-wire ayslem, 109, 
203 
generator, 284 
siie wire for, 350, 358 
North pole, 27 



Ohms, 9, 172, 182 
Ohm's law, for part of circuit, 22 
sample problems, 20, 23, 24 

stated, 19 



Panel board, system of wiring, 

340 
Parallel connection, 5 

connection of dynamoa, 97 

em.fs. in parallel, 156 

operation of alternators, 238 
Period of A.C., 165 
Permanent magnet, 37 
Phase, dilference as an angle, 170 

in A.C. transformers, 198 

of A.C,, 165 
Plaut^ process of making storage 

cells, 293 
Pole, face, 43 

magnet, 27, 35 

tips, 43 



i.,GoogIe 



Poling, A.C. transformer ' 



Polyphase current, first prin- 
ciples, 210 
three-phase annature wind- 
ing, 236 
four-wire connections, 214 
star and luesh connec- 
tions, 217 
transformer connections, 

21» 
V-conneotions, 221 
two-phase armature wind- 
ing, 232 
circuit connections, 211 
Polyphase current principles, 

210-221 
Polyphase induction motors, 252- 
262 
performance, 261 
principle of operation, 259 
rotating field, 252, 255 
rotor windings, 258 . 
speed regulation, 267 
starting them, 262, 263, 266 
stator windings, 256 
Positive, 10 

side dI circuit, 80, 109 
Positives, exide, 2M 
Mtuuhesler, 293 
of Edison cell, 301 
storage battery, 287, 293 
Potential, difference of, 21 
fftll of, 21 
terminal, 93 
Power, A.C., 182 
defined, 74 
etfect of phase difference, 

183, 184 
examples of calculating, 75 
Power factor, change with fre- 
quency, 187 



>EX 371 

Power factor defined, 185 

of load reacting on alterna- 
tor, 230 
of transformer, 199 
single-phase motor, 271 
Primary of A.C. transformer, 
conneeted to line, 200 
defined, 193 
no-load current, 197 



Railway, bonds, 113 

calculating wiring, 352 
car circuits, 112 
distribution, 110 
section insulator, 113 
switchboard, 113 

Ratii^ of D. C. motors, 129 
lead storage cells, 297 
nickel-iron storage cells, 302 

Reactance, defined, 180 

relation to inductance, 181 
shunt on lamps, 331 

Rectifier, aluminum valve, 310 
mercury arc, 308 
vibrating contact, 309 

R«gu]ation of networks, 108 
speed (rf imiuction motors, 

267 
voltage of synchronous con- 
verters, 283 

Repulsion motor, A.C, 270 

Resistance box, 11 

calculating combined, 150 
change with temperature 

change, 151 
explained, 7, S 
insulation, 152 
law of combined, 12, 13 
of storage battery, 289 
of wires, 9 
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Resistance, rheostat, 11 

Reversing motor starter, 140 
Revolving &eld of alternators, 

231 
Rheostat, field for alternators, 
241 
field for D.C. dynamos, 53, 

98, 99, 101 
simple forms, 11 
Rotary converter, 275 
Rotating field, explained, 252 
practical conatruction of, 
255 
Rotor, windings for, 258 
Rubber-covered wire, 339 

insulation resistance of, 154 



Saturation, by flux, 33 
Secondary cell (see Storage bat- 
tery}, 288 
Sfcondary of A.C. transformer, 
connections to custom- 
ers, 201 
defined, 193 
Section insulator, 113 
Self-exciting, 99 

Self-induction, e.m.t. of, 173, 174 
Series circuits, calculating wiring, 
352 
current supply for, 331 
Series, connection, 5 
field, 52 

transformers, 207 
Series motor, on A.C. circuit, 246 
on con8taat-pot«ntial D. C, 

circuit, 124 
speed changes under load, 
125 



Shading coil, 270 



Shafting, speed of driven, 131 
Shell type transformer, 192 
Short circuit, 7, 91, 111 

by dynamo brushes, 49 

in winding of series A.C. 
motor, 247 

on alternator, 229 

rotor of induction motor, 259 
Shunt, current in, 156 

field, 62 

tor ammeters, 107 

on compound dynamo, 96 
Shunt dynamo, in parallel, 97 

performance, 95 

used charging storage bat- 
teries, 307 
Shunt motor, in special uses, 124 

on constant-potential cir- 
cuits, 122 

regulating to load, 123 

Single-phase, calculatii^ wiring 

for, 353, 355 

induction motor, 246, 268 

repulsion motor, 270 

series commutatormotor, 246 

synchronous motor, 261 

uses of motor, 247 
Slip rings, of alternator, 225, 231 

of sjTichronous converter, 
276, 280 
Sources of current, 16 
South pole, 27 
Specific gravity, 288 

variation in, for storage cells, 
298 
Split-phase motor, 269 
Squirrel-cage rotor, 259, 269 
Star connections, thiee-phaae 

A.C., 217 
Starters, D.C. motors, 133-142 

polyphase induction motors, 
263,266 
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Stator, winding tor, 256 
Step, altematora io, 230 

up-and-down transfonners, 
191 
Storage batteries, 287-311 

care of lead-eulphuric-acid 

ceU, 299 
character of, 287, 288 
charging and discharging, 29 S 
constant-current charging, 

305 
lead-skdph uric-acid cell, 292- 

297 
nickel-iron-alkali cell, 301 
rating, perTormance, etc., 

297, 302 
resistance and capacity, 289 
uses of, 302 
Switchboard, construction and 
arrangement, 100 
devices for A.C, control, 241 
instruments on D.C., 105 
railway, 113 
Switehes, knife, 90 

oil, for A.C. circuits, 242 
on switchboards, 101 
push, 90 
snap, 90 
Sulphating of storage battery, 

3oe " 

tSyncbrooism, of alternators, 239 
Synchronous converter, connec- 
tions, 279 
features of construction, 280 
ratio of transformation, 278 
special uses, 282 
starting them, 281 
what they are, 246, 275 
Synchronous motor, 246 
current it takes, 250 



principle, 248 
starting, 251 
synchronous converter as, 

283 

uses of, 252 
Synchronous operation of vibrat- 
ing contact rectifier, 310 
Synchronous speed, 249 
System of distribution D.C., 88- 
116, 339-341 

by constant current, 88 
potential, 89 

panel and tree systems, 339- 
341 

railway, 110 

three-wire, 109 
System of distribution A.C, 
200-206, 339-341 

by constant-current trans- 
formers, 205 

by high voltage, 203 

by single -phase transform- 
ers, 200 

by three-phase transformer 
connections, 219, 221 

by three-wire system, 203 

by two-phase transformer 
connections, 213 



Temperature, effect in changing- 
resistance, 151 
explained, 75 

Fahrenheit and C^itigrade, 
76 
Three phase, armature windings 
for, 236 
calculating wire size, 367 
current, defined, 210 
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Three^hase four-wire connec- 
tions, 214 
meeh or delta connections, 

217 
preUminary notes, 213 

star or Y connections, 217 
Three-wire, distribution by A.C. 
transformere, 203 
D.C. i^neratora with slip- 
rings, 284 
system D.C, lOQ 
and wiring for, 349 
Time limit, motor starter, 139 
Toothed armature core, 59 
Transformer A,C,, air blast, 196 
auto-transformer, 206 

distributing current by, 200 

feeder r^pilAtors, 207 

form and construction, 192 

general definition, 191 

insulation of, 196 

natural radiation, 193 

oil insulated and water 

cooled, 194 
operation under load, 198 
ratio of transformation, 197 
regulation and efficiency, 

169 
series transformers, 207 
three-phase connections, 219, 

221 
three-wire distribution, 203 
two-phase connections, 213 

Tree system of wiring, 341 

TroUey wire, 112 

Tub transformer, 205 

Tungsten for lamp filaments, 316 

Two phase, armature windings 
for, 232-235 
calculating wiring for, 355 
circuit arrangements, 211 



Two-phase current defined, 210 
transformer connections (sm 
Transformers), 213 

U 

Unbalanced, three-wire D.C. sys- 
tem, 109 
Unit of candlepower, 313 

capacity of ceil, 292 

current, 3 

6.m.f., 17 

energy, 74, 80 

flux intensity (magnetic). 
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light, 314 

power, 74, 80 



167 



resistance, 9 
temperature, 76 



for three-phase 
A.C, 221 
Voltage regulators, on A.C. dyna- 
mos, 241 
on D.C. dynamos, 95, 96 

networks, 108 
on synchronous converter, 
283 
Voltmeter, for A.C, 241 
how it operates, 107 
location in dynamo circuit. 



Watt hour, 81 
meter, 102 

unit of storage battery ca- 
pacity, 292 
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Watts, defined, 80 
Wattmetw, for A.C., 241 
Wave shape, of AC, 164 

of altematorg, 228 
Wave-winding, multipolar D.C., 

66 
Wire wid wiring, 335-358 
Wire, calculating proper atze, 
344-358 
calculating resistance of, 338 
change of resistance with 

temperature, 337 - 
insulated, 46, 54, 84, 103, 339 
insulation reaistanoe of, 154 
resistance of copper, 337 
rise in temperature of, 342 ' 
HJzea, 335 

table of current capacity, 343 
of resiHtance, etc., 338 
Wiring, calculating by circular 
mil formula, 346 
calculating complete ays- 
tern, 347 



Wiring, calculating proper siee, 
344 

central station lines, 3S1 

drop in, 344 

kinds of, 339 

limiting siae, aimpie A.C. 
calculation, 354 

railway, 352 

series circuits, 352 

Hingle-phase, 353 

siie to motors, 348 

special data for changes, 351 

three-phase four-wire, 357 

three-phaae three-wire, 357 
- three-wire aystem, 349 

two-phase four-wire, 36S 

two-phase three-wire, 356 
Work, 73 

V 

three-phase A.C, 
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